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TRANSLATOR'S  PREFACE. 


Bt  tliis  tranalfttion  of  the  '  Lectures  on  Gonoral  Patho- 
log;/  tho  chiof  fruit  of  a  life,  short  in  jears,  hut  unwoaryiog 
in  it*  devotioo  to  science,  becomes  accessible  to  the  English 
reader.  Kvery  chapter  beara  the  mark  of  the  author's  dis- 
tiuctive  geniita ;  and  no  book,  perhaps,  of  recent  years  has 
exerted  a  stronger  luflucnce  on  curreat  modes  of  thinking  in 
pathology.  The  relume  now  issued  deals  with  that  ]>ortion 
of  tho  Hcienee  with  which  tho  namo  of  Cohnheim  will  always 
b«  associated — '  The  Pathology  of  the  Circulation.'  The 
translator  has  endbaronred  to  the  beat  of  his  ability  to  faith- 
fully reproduce  the  original ,-  he  has  never  hesitated  to  eacri- 
Soe  elegance  of  expresfliun  where  an  exact  rendering  of  the 
tarn  of  thought  seumed  to  him  to  demand  it.  Cohnheim 
himself  was  no  loror  of  rhetoric  ;  his  style  of  lecturing  wa« 
simple,  often  conversational ;  and  be  wrote  as  he  spoke. 
The  little  biographical  skutch  is  mainly  taken  from  the 
**  liobvnsbild  Cobaheim'a  "  by  W.  Kuhne,  prefixed  to  the 
'Gesammolte  Abhandlangen,'  where  a  complete  list  of  the 
writings  of  Cohnheim  and  of  his  popils  will  also  be  found. 


ALEXAJSDER  B.  McKEE. 


PREFACE  TO  THE  FIRST  EDITION. 


Tbu  form  of  Lectures  has  been  chosen  for  this  l>ook  in 
the  belief  that  when  treating  of  a  science,  the  doTelopment  of 
whose  various  sections  is  disproportionate  in  the  extreme,  it 
is  advisablo  to  select  a  mode  of  composition  which  allows 
the  author  the  greatest  possible  amount  of  liberty.  The 
reader  ia  rofarrod  to  the  introduction  for  the  plan  followed* 
and  line  of  thought  adopted  in  the  work.  I  merely  wish  to 
indicate  hero,  in  a  few  words,  the  principles  which  have 
guidi>d  me  iu  compiling  the  references.  It  was  far  from  my 
intention  to  give  an  even  approximately  complete  register 
of  the  literature.  Besides  referring  to  appropriate  sections  of 
thtt  existing  compendinms  and  hand-books  of  our  Bcionco  mado 
OM  of  by  me,  I  huvo  strivon  to  cite  all  original  researches 
when  dealing  with  the  questions  upon  which  they  bear. 
I»  was  next  my  endeavour  to  notice  more  particularly  the 
most  recent  literature,  so  as  to  afford  the  reader  an  oppor- 
tunitj?  of  readily  becoming  acquainted  with  the  present  state 
of  oar  science.  In  controversial  questions  especially,  I  have 
aimed  to  the  best  of  my  ability  at  a  just  treatment  of  the 
■ereral  views.  Among  other  papers,  I  have  given  the 
preferenM  to  such  as  contain  copious  references. 


iTaausw  i  Augmlt  1877. 


PREFACE  TO  THE  SECOND  EDITION. 


I  HAVS  sought  in  this,  the  second  edition,  to  incorporate 
Ets  fully  as  possible  in  the  work  the  recent  results  of  research, 
which,  particularly  in  our  science,  has  been  very  active  in 
eveiy  direction.  The  plan  and  method  of  presentation  has 
therefore  remained  throughout  as  before ;  yet  whoever  takes 
the  trouble  to  compare  the  two  editions  will  nowhere  miss 
the  altering  and  I  hope  improving  hand.  Indeed,  perhaps 
no  chapter  has  remained  entirely  nnchuiged  ;  still  it  may  be 
well  that  I  should  here  specify  those  which  have  undergone 
the  most  considerable  alterations.  In  the  first  section,  the 
first  chapter  has  been  completely  rewritten  on  the  basis 
of  new  experiments  not  published  elsewhere  ;  then  Chapters 
IV  and  V,  which  treat  of  Thrombosis  and  of  Inflammation, 
have  been  in  part  extensively  altered  and  in  part  supple- 
mented ;  lastly  Chapters  VU,  X,  and  particularly  IX,  depart 
considerably  from  the  account  given  in  the  first  edition.  In 
the  second  section  the  principal  changes  occur  in  Chapter  I 
and  still  more  in  Chapter  YI ;  both  of  these  have  been  com- 
pletely recast  in  preparing  this  edition. 

COHNHEIM. 

Leipzig;  January,  1883, 
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JtuCD  PuBTBicH  CoHNHBDi  wM  born  OH  the  20th  of  Joly, 
1839,  in  the  little  town  of  Demmin  in  Poinerania.  Here  he 
rtKwiTed  his  elementary  education,  and  in  1852  entered  the 
gpnnattium  at  Preozlau,  where  he  remained  till  biii  eighteenth 
year.  In  the  autumn  of  (856  be  removed  to  Berlin,  and 
cvmmeDCtid  the  study  of  Medicine. 

Of  his  echool-daya  and  early  jeats  ia  Berlin,  Cohnheim, 
nerer  cared  to  e]K)ak,  even  with  his  most  intimate  frieuda. 
His  youth  was  cramped  by  the  pressure  of  straightened  cir- 
RomKtanceB.  When  n  boy  of  flfteeuj  his  father  had  been 
compelled  by  his  aifairs  to  leave  home  for  Anstralia,  where 
miiifortnncs  crowded  thick  opon  him,  and  whence  he  retnmed 
only  to  die  in  the  arms  of  his  Hon.  Like  ho  many  eminent 
mon,  it  wu  to  the  setf-sucriGciiig  devotion  of  an  iotelligeut 
and  energetic  mother  that  Cohnheim  owed  his  early  training. 

After  pasfting  his  previous  examinattouj  he  exchanged 
Berlin  for  Wnrzburg.  In  Berlin  he  had  lived  in  the  bouse 
of  %  relative,  but  now  be  was  to  enjoy  that  free,  happy,  care- 
less Htudent  life,  which  comes  with  such  refreshing  novelty 
to  the  youth  of  Germany  after  the  btrict  and  arduous  disci- 
pline of  the  gymnasium.  Here  he  became  acquainted  with 
Hermann  Immormann,  who  describes  him  as  a  bright  andi 
jovial  student,  full  of  drollery,  and  gifted  with  an  extra- 
ordinary power  of  teUing  a  good  story  well.  These  were 
popular  qualities,  bot  amuaotnent  was  never  allowed  to  inter- , 
fere  with  titndy.  After  a  late  evening  Cohnheim  was  ofton 
ap  again  at  fivej  busy  with  his  microscope  in  his  room^  and 
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became  ao  ardent  liistologist  under  the  inflaenee  of  his  teacher 
KoUikor. 

At  Wiirzburg,  Cohnbcun  remained  till  Easter,  i860,  and 
after  spending  a  aummer-somester  at  Groifswald,  once  more 
betouk  himself  to  Berlin.  Here  he  passed  bis  oxaminstioo 
for  the  decree  oE  Doott>r,  but  the  Thesis  Ktill  romaiucd  io 
be  written^  and  Cohnbeim  began  in  Jaonary,  t86i,  to  work, 
nnder  Virchow's  guidance,  in  tht3  Patfaulogicat  Institute  of  the 
Charit^.  The  Dissertation,  "Do  pjogonesi  in  tonicis  aerosis/' 
published  with  some  additions  in  the  '  Archiv/  is  chiefly  of 
interest  as  showing  how  early  Cohnhoim's  attention  was  di- 
rected to  the  stndjr  of  inflammation  by  his  great  master, 
Vircbow. 

At  this  period  the  Pathological  Institote  of  Berlin  was  the 
centre  of  the  most  intense  iotellectual  activity.  From  every 
part  of  Germany,  and,  indoi'd,  from  almost  every  civilised 
country,  earoost  and  talented  students  gathered  aroand  the 
ubair  of  Vircbow,  and  carried  home  with  them  some  of  that 
keen  spirit  of  scientific  inquiry  which  so  disttnguiafaed  the 
teacher.  It  is  related  that  some  who  bad  come  under  the 
spoil  tiBod  to  say  to  the  student  starting  for  Berlin,  "  Un- 
happy man,  yoo  coo  are  going  to  be  infected  I"  Ybn  Bock- 
linghaasDn  and  Klebs  were  at  that  time  Virchow's  assistanta, 
and  it  was  probably  as  the  result  of  his  intercourse  with  ibem 
that  Cohnhcim  formed  the  resolution  of  devoting  hia  life 
to  science.  This  was  ot  once  a  proof  of  a  courageous  spiriD 
and  of  00  small  love  for  scientific  pursuits,  fur  at  no  period 
of  bis  Life  were  his  means  of  livelihood  scantier.  In  May, 
1863,  his  father  returnod  with  a  fatal  illness  from  Anstralia. 
Cofauhcim  hai-ried  to  Hamburg  to  meet  him,  accompanied 
hiu  to  Borlin,  and  tended  him  till  his  death  in  July  uf  the 
same  year.  It  became  more  than  ever  necessary  that  the 
eldest  SOD  should  contribute  to  the  support  of  his  family. 

But  he  held  it  unmanly  to  complain,  and,  far  from  bewail- 
ing his  own  lot,  became  the  confidant  of  othem,  and,  so  far  as 
he  could,  helped  those  whoso  position  was  but  little  worse 
than  his  own.  With  wonderfnl  courage  and  sclf-coutrol,he 
determined  to  em{Joy  every  moment  of  that  leisure  which 
he  feared  might  not  long  be  his.  Be  was  conatanUy  occupied 
in  the  practice  of  noroial  and  morbid  histology,  and  in  gain* 
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ing  luk  ftcqo&intance  with  tKe  methodK  of  chomicftl  mrostiga* 
tioo.  A  paper  on  sugar^forming  ferments  waa  ose  of  tlie 
FMulU  of  this  study. 

About  this  time  Cohnheim  wbs  broaght  into  close  contact 
with  tho  groat  physician,  Lmlwig  Traubo,  to  whose  memory 
the  'Lcctaroa'  were  deJicutcd.  Knowing  that  ho  might 
altimatoly  bo  compelled  to  practisej  he  eoinod  thoopportimity 
nfforded  in  TrBube's  clinic  o[  fixing  and  wideiiiiig  his  clinical 
knowledge,  but  songht  chiefly  tu  familiarise  himi?elf  with  the 
physiological  and  experimental  methods  of  which  Traabe  waa 
ft  master.  So  iTDprosscd  waa  be  by  Tranbo,  aud  ao  habituated 
to  his  mode  of  thinking,  that,  except  Virchow,  Tranbo  must 
be  regarded  aa  having  done  more  to  inilnonce  the  tife>work 
of  Cohnheim  than  any  other. 

The  DUO  Borioos  interroption  to  Cohnheim^a  atudy  at  the 
Charity  was  now  to  take  place.  la  the  Crerman-Daoish  war 
of  1864  be  &en'od  as  surgeott  with  the  Prussian  army.  It 
WMs  in  SohlGBwig-HoIstoiu,  after  the  death  of  his  younger 
brother^  Albert,  who  fell  shot  through  tho  head  in  tho  vie* 
tiiriouH  paasage  to  Alsen,  that  Cohnheim,  surrounded  by  sym- 
pathising friends,  embraced  the  Christian  fnith.  Being  now 
the  jwlo  support  of  his  mother,  he  waa  released  from  service, 
and  the  post  of  asjustant  in  tho  Pathological  Institute,  vacated 
by  von  Beclclinghauacn  on  bis  call  to  Konigabcrg,  was  given 
him  by  Virchow.     By  this  event  his  future  was  determined. 

The  lew  years  spent  aa  assistant  were  a  period  of  unweary- 
ing labour.  Busied  with  the  ordinary  work  incidental  to  his 
office,  ho  yet  found  time  not  merely  for  original  investigation, 
bat  for  teaching ;  by  which  he  was  enabled  to  live  himself, 
■ad  to  aid  in  tho  support  of  his  family.  Several  minor  oon- 
tribuLiuoe  appeared  in  tho  '  Archiv '  in  rapid  succession.  Then 
cama  tho  researohos  on  tho  atructuro  of  striped  musclo^fibre 
and  the  nerve-terminations  in  muscle,  in  both  of  which  ho  used 
the  silver  method  iutroduced  by  von  Recklinghausen.  These 
were  followed  by  bo  important  investigation  into  the  patho- 
logical anatomy  of  trichinosis.  Some  idea  of  his  extra- 
ordinary productiveness  may  bo  got  from  the  fact  that  in 
1867,  besides  minor  contributions,  there  appeared  in  the 
*  Archiv  *  the  papers  "  On  the  Terminations  of  the  Sensory 
NttTvea  in  the  Cornea^"  in  wbioh  he  made  known  his  gold 
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method  ;  "  On  Tuberculosis  of  ihe  Choroid  ;"  "  On  Inflmuma- 
tion  and  Snppnration  ;'*  and  "  On  Mechanical  H3r|>erwiinia." 

By  the  investigation  into  the  inflammatory  process,  the 
&me  of  its  author  wne  secured.  Von  KccUingbauaon  had 
already  dissoTcrod  that  f^rannlar  pigment  in  taken  up  by  the 
loQcooytea  in  tho  circulating  blood,  and  had  foond  tfao 
'*  wandering  cells  "  in  the  lympb-spaoes  of  tho  conneotive 
tisane.  These  discoTeries  prepared  the  way  for  iho  invoeti- 
gations  of  Cohnheim.  Virchow  had  said  that  no  difference 
eidsts  between  white  blood-celU  and  pus-corpnecles.  Cohn- 
heim now  annonnced  their  identity — that  the  pwB,  with  the 
celts  contained  in  it,  is  derived  from  the  blood.  The  obser- 
vations of  Addison  and  Waller  had  been  forgotten  ;  it  waa 
reserved  for  Coliuheim  to  independently  pfitablish  the  diapo- 
desis  of  the  blood-oorpnscles  beyond  all  possibility  of  donbt, 
and  on  this  basis  to  found  his  theory  of  inflammation. 

During  the  following  year  Cohnheim  was  oooupied,  in  cun- 
junotion  with  Bcmhard  Frankel,  with  an  inquiry  into  the 
eommunicability  of  tuberculosis  to  animals.  A  call  to  Amster- 
dam was  declined,  as  there  was  an  immediat-e  prospect  of  tho 
Chair  of  Pathology  at  Kiel,  where,  during  the  war,  he  had 
made  many  friends.  Here  we  6nd  him  in  tho  following 
antumn,  now  twenty -nine  years  of  age,  bnsied  with  the  prepar- 
ation of  his  lectures,  somewhat  troubled  by  t}ie  baginess  cares 
of  his  office,  and  a>  little  regretful  at  tlie  lossof  the  larger  life 
of  Berlin.  Still  ho  found  time  to  resume  the  study  of  the  cir- 
culation ;  and,  having  already  investigated  the  effects  of 
venous  obstruction,  now  turned  his  attention  tu  the  snbjcot> 
of  emboliamj  for  which  Virofaow  bad  laid  the  foundation. 
The  varying  results  of  arterial  obstruction  were  reftnrcd  by 
Cohnheim  to  the  anatomical  disposition  of  the  vessels,  t.  «.  to 
the  prasenoo  or  absence  of  an  adequate  collateral  circulation 
beyond  the  seat  of  obstrnction.  Thb  objeotions  raiiwd  to  bia 
theory  of  inflammation  called  forth  tho  paper  on  tho  behaviour 
of  the  connective-titsuD  corpuaclea  in  inflomm^ion.  That 
Gofanlieini  spared  no  pains  to  arm  himself  at  all  points  for  his 
particular  field  of  inqniry  may  be  gathered  from  the  circum- 
st&ncG  that  he  devoted  two  months  of  1 869  to  the  study  o£ 
the  cireulatiou  as  a  learner  in  Ludwig'g  laboratory. 

During  the  winlor  of  1870— 71,  while  the  armieB  of  < 
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WOT*  inTesiing'  Paris.  Colmheim  acted  as  prosector  to   the 
aiilitar>-  huspitalh  ia  Btirlin. 

la  the  foUoiriDg  sainmer  he  renewed  an  old  acqaaintanoe- 
Hhip  wiih  Martha  Lewald,  t<o  whom  he  was  aniced  on  the  20th 
of  MaVj  1872.  ITiis  was  a  bappy  marriage,  to  which  Cohnheim 
owed  maob, — sympathy  with  his  aims  and  labuurn,  and  on- 
iiring  devotion  daring  years  of  mokneas. 

Thn  BUttinm  of  the  satai*  year  saw  another  event  of  no 
cmaU  importance — Cohnheim'*  removal  to  Breslan.  Many 
pleasant  companionAhips  had  to  bo  given  np  ;  bnthia  perBon- 
aUty  wan  one  that  qaickly  inspired  friendship,  and  in  Brealau 
he  was  aoon  on  a  footing  of  intimacy  with  many  of  bis  coU 
leagues,  among^  whom  thejfr^'^t  phyftiologiet,  R.  Heidenhain, 
was  perhaps  the  moet  sympathetic. 

It  was  at  the  beginning  of  his  career  at  Breelan,  that  the 
vymptoms  of  gout,  which  had  already  appeared  in  Kiel,  first 
BHomed  florious  proportions.  He  waa  compelled  U>  »pend 
the  entire  winter  (873-74  in  Montreox,  but  retomed  much 
invigorated,  and,  as  ho  thought,  cured.  Ue  now  exerted 
himself  to  obtain  a  snitable  Pathological  Institute  ;  and  in  it 
ho  had  for  cho  first  time  a  6eld  for  labour  commensurate 
with  his  energy  and  capacity.  He  soon  drew  atudenta 
around  him,  to  many  nf  whom  he  conid  entrust  particular 
BubjectB  of  investigation,  he  checking  the  resntta,  or  himself 
going  to  work  with  them  even  to  the  minutest  details.  Thna 
he  multiplied  time,  eyes,  and  hands ;  and  trained  up  hia 
students  for  independent  research.  The  publications  appear- 
ing exclusively  under  his  own  uame  daring  this  period  were 
few,  but  no  one  acquainted  with  the  work  of  Senftleben, 
l>as«ar,  Litten,  B.  Heidenhain,  &c.,  can  doubt  from  what 
source  they  drew  their  inspiration.  While  at  Breslan,  the 
observatiou  of  a  caae  of  congenital  myo-aarooma  of  the  kidneys 
first  Iwl  him  lo  ihe  conception  of  the  embryouic  theory  of 
tamotirs ;  and  here  too  it  was  that  his  views  ae  to  the  00m- 
muuicability  of  tuberculoHi.s  underweut  a  transformation. 
With  Satumonnen,  of  Copenhagen,  lie  introduced  jiarticlee  of 
Sub«rciiUr  material  into  the  anterior  chamber  of  the  eye,  and, 
the  suppuration  and  inspissation  of  the  pus  usually  oomplioat- 
ing  inoculation  iu  other  parts  being  here  absent,  he  was  able  to 
trace  the  dorelopmenc  of  the  tubercles  to  their  proper  Honrce* . 

la-xp  "cr„rAi.  IIBRARY 
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In  Norember,  1875,  Cohnheira  met  Robert  Vocfa.  The 
DOW  celebrated  bacteriologist  was  ihen  a  oonntrv  practitioDpri 
aad  Came  to  Breslan  to  Babmh  to  Cohn  hia  cuItivaEions  of 
anthrax -bacilli.  Cohn,  who  bad  bad  man/  sad  oxperiencce 
"with  alleged  pure  caltivatioafi  of  pathogenic  micro-or^fant.'nTifl, 
vae  at  first  iccliiied  to  treat  Koch's  discorerioe  with  distnist, 
but  on  ficoiug  the  preparations,  he  Bcnt  to  the  Pathological 
Iiuiitnte  with  the  reqm*t  that  someone  aboald  come  orer 
at  once,  as  the  mailer  was  itnpoi^ant  and  highly  intonating. 
Ag  Weigert  was  jnst  about  to  make  a  post-mortem,  C-uhnhoitn 
himself  went  orer,  and  on  bis  retnm  aaid  to  his  assistaut : 
*'  Now  lettve  everrthing  as  it  is,  and  go  to  Koch.  This  man 
has  made  a  magnificent  discovery,  which,  for  simplicity  and 
the  precision  of  the  methods  employed,  is  all  tho  more 
deserriDg  of  admiration,  as  Koch  wax  shat  off  from  all  scton- 
tiiic  associations.  He  haa  done  t?ver}'thing  of  himself  and 
with  absolute  completeness.  There  is  nothing  more  to  1»e 
done.  I  regard  this  as  the  greatest  disoorery  in  this  domain, 
and  bc'liev<>  that  Koch  will  again  surprise  and  put  us  all  to 
shame  by  farther  discoveries."  By  this  meeting,  Cohnbeim'i 
belief  in  the  organised  narnre  of  the  virnn  of  the*  infective 
disoases  wb«  confirmed  ;  and  it  was  a  grt^al  gratidcation  to 
him  to  have  lived  to  eee  Koch's  discoveries  of  the  bacilli  of 
tubercle  and  cholera. 

Two  sons  were  l>om  to  him  In  Breslan.  "Those  who 
wore  on  terms  of  intimacy  with  him/*  says  Kuhne,  "  kuow 
what  happincflB  ^lled  his  home,  what  perfect,  harmony  and 
n»re  Boiisibility  per%'aded  it,  what  abundant  self-sacrificing 
loTO^"  Daring  the  periods  of  enforced  leisure,  which  ovea 
in  BrosUu  hecaine  more  frequent,  be  wss  sastsincd  by  tbe 
tender  miuij^traiiona  of  his  wife,  who  never  tired  a[  reading 
to  him,  and  it  was  tbe  ample  and  varied  field  of  literatare 
thnn  travellwl  over,  which — togi^tlier  with  the  <'ompni'ioiiHhip 
of  professors  in  the  nther  faculties,  notably  (be  lirillianl  und 
learned  Lnjo  Brentano— RUppUed  Cobnheim  with  that-  general 
cnUnre,  somewhat    '  i  by  him  in  his  o&rlier  years. 

^aggerated  r_;  A  hi.i  illness  wreclced  the  plans  of 

those  who  wi«hed  to  secnro  bim  for  the  Chair  at  Vienuaj 
vacant  by  Tlokitannlcy's  dMth.      But  eiirly  ■  "  cftme 

call  to  I«npzig.      Ill''  ivccepted  it   witlintit  ):■  <..  Huf^ 
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iag  it  M  tlie  attainment  of  a  great  goAl.  Here  tlie  seoond 
volume  of  the  '  Lwturea  *  wm  written,  and  now  invostiga- 
tiona  into  the  pathology'  of  the  cironJation  wore  undertaken. 
With  TOD  SchuUhcBfi-llechbeTg,  be  oxaniined  the  effects  of 
occlnsion  of  a  branch  of  the  coronaries  of  the  heart :  and  with 
Oharles  Bo;,  studied  the  circnlatiou  in  the  kidneys.  This 
ms  the  last  pahUcation  siiporintonded  by  Cohnhoim  bimeelf. 

At  the  close  of  the  first  sunimer-semester  (1S7S)  Cohnheim 
folt  compelled  to  serioDsly  attempt  the  care  of  his  discaae^ 
»nd  selected  Carlsbad.  Still  the  attacks  of  goat  became 
more  and  more  freqaent,  and  the  penoda  of  enforced  rest 
longer.  At  length,  after  the  oxortions  of  the  summer  1S83, 
be  felt  too  weak  to  think  of  lecturing  dnring  the  following 
wiutor-semester.  lie  returned  from  Constance,  where  he  had 
Bpout  part  of  the  vacation,  only  to  fall  ill  immediately.  Still 
he  did  what  he  oould ;  and  ctcq  after  ho  became  permanently 
confined  to  bis  room,  sought  throagh  his  friends  to  keep  in 
toooh  with  the  inrestigatioDs  carried  on  in  t)w  IiiBtitnte.  The 
■uistAnts  and  students  were  allowed  to  submit  their  resaltfi  to 
htm  in  his  house.  Here  his  friends  gathered  round  him; 
and  his  chamber  became  the  centre  of  a  lively  social  intor- 
courw. 

In  the  Easter  vaoAtion  1SS4,  ho  once  more  aonght  strength 
SB  Wiesbaden ;  and  on  his  rotam,  despite  every  warning, 
attempted  to  resume  his  lectures.  As  he  could  not  mount 
the  steps,  he  was  carried  into  the  theatre.  Bat  his  strength 
failed  him.  He  grow  gradually  fceblfnr  during  the  following 
months  ;  and  died  in  the  early  momiag  of  August  i5thj  1 864, 
suddenly,  and  without  a  struggle. 

He  lies  in  the  Friedhof  at  Leipzig,  in  the  part  reserved 
for  the  University,  whyrea  nohl*"  monument,  the  work  of  R. 
8iemnring,  has  been  raised  to  his  memory  by  friends  and 
disciples.  It  represents  with  poetic  freedom,  and  with  won- 
derful pathos,  the  sudden  termination  of  his  two-fold  life. 

This  is  not  the  place  to  discuss  his  merits  as  a  pathologist. 
Of  his  methods  and  mode  of  thong-ht  the  reader  of  the  follow- 
ing pHf^  will  have  ample  opportunity  for  judging. 
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LECTURES  ON  GENERAL  PATHOLOGY. 


INTRODUCTION. 


DEFINITION  OF  THE  NOTION  OP  DISEASE.      OBJECT,  PEOGBESS, 
AND   METHODS   OP   GENERAL   PATHOLOGY. 

That  pathology  is  the  Bcience  of  disease,  while  physiology 
-seeks  to  ascertain  the  laws  of  health,  is  so  familiar  to  all  of 
yoa  that  it  may  appear  superfluoas  to  define  more  precisely 
the  task  which  we  set  onrseWes  in  this  coarse  of  lectures.  Tet 
yoa  may  perhaps  meet  with  some  difScnlty  on  attempting  an 
exact  definition  of  the  expressions  "ill,"  "disease/*  "dis- 
eased," which  yon  nevertheless  make  nse  of  daily.  A  nega- 
tive definition  is  commonly  resorted  to,  and  "ill  *'  is  conceived 
as  meaning  simply  the  contrary  of  "healthy."  Bat  what 
do  we  include  onder  the  conception  *'  health  "  ?  Biological 
science  teaches  that  in  a  number  of  individnals  the  same 
organs  recur  in  precisely  the  same  number,  form,  size,  and 
chemical  constitution  j  and  we  call  the  snm  of  the  individuals 
so  constituted,  as  you  know,  a  species.  It  is  this  arrange- 
ment and  constitution  which  we  designate  the  type  or  normal 
type  of  the  species,  within  which  there  may  yet  exist  certain 
individual  variations.  These  variations  form,  it  is  true, 
deviations  from  the  specific  type  j  yet,  when  inconsiderable 
details  are  concerned,  we  neglect  them,  and  are  accnstomed, 
among  snch  variations,  to  regard  as  normal  that  modiu  which 
recurs  most  frequently  in  a  given  large  number  of  individuals. 
Oq  the  other  band,  every  considerable  deviation  from  this 
type  we  name  a  malformation.  Perhaps  I  need  hardly  poiot 
-out  that  the  maintenance  of  the  type  in  point  of  sex,  as  well  as 
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of  age  and  developmentj  is  necessary  to  the  preservation  of 
the  nonnal  standard.  Developed  mammss,  normal  in  a 
woman^  are  abnormal  in  a  man^  and^  on  the  other  hand, 
the  beard  is  abnormal  in  a  woman.  Undeveloped  gonitis 
are  tjpical  in  a  child,  abnormal  in  an  adalt ;  and  a  thymus 
or  a  pervious  dactus  arterioBns,  which  are  normal  in  the  new- 
born, would  constitute  a  malformation  in  youth.  These 
points  of  view  being  kept  in  mind,  experience  shows  that 
among  the  individuals  comprised  in  a  species,  in  our  case 
among  human  beings,  there  are  some  who  present  consider- 
able deviations  from  the  human  type,  and  are  therefore,  in 
some  respect  or  other,  abnormal. 

Now,  all  these  malformations  belong  unquestionably  to  the 
domain  of  pathology,  taken  in  the  widest  sense,  and  are  in 
fact  minutely  treated  of  in  works  on  pathological  anatomy. 
Nevertheless  we  are  not  in  the  habit  of  calling  the  ahsence- 
of  a  kidney,  the  presence  of  a  harelip,  or  of  a  double  vagina 
a  disease.  We  call  such  a  condition  an  anomaly,  a  deformity, 
even  when  not  congenital  but  acquired  ;  as  in  the  case,  for 
example,  of  a  cicatrix,  or  where  an  extremity  is  missing  after 
amputation,  or  the  foreskin  after  circumcision.  We  speak 
of  disease  only  when  we  have  an  occurring,  a  progrcgsi&n, 
a  proeeaa  in  mind;  and,  jast  as  we  bring  the  anomalies 
above  mentioned  into  immediate  relation  to  the  descriptive 
natural  science  of  man,  or  anatomy  in  a  broader  sense,  we 
connect  disease  with  physiology.  The  dead  body  may  be 
deformed,  anomalous,  bat  never  ill,  just  as  there  is  an 
anatomy  of  the  cadaver,  but  no  physiology.  And,  so  com- 
pletely is  the  notion  of  disease  inseparable  from  life,  that  in 
the  sciences  of  inanimate  natare  the  expressions  "  normal  " 
and  "abnormal"  are  very  frequently  employed,  the  terms 
"  healthy  "  and  "  diseased**  never. 

This  consideration,  it  is  evident,  leads  us  logically  to 
define  disease  as  a  "  deviation  from  the  normal  or  healthy 
vital  proce»sea."  Bot  if,  as  we  found  when  speaking  of  mal- 
formations, a  certain  degree  of  divergence  from  the  type  must 
be  present  in  order  that  they  may  be  at  all  regarded  as 
such,  this  applies  with  still  greater  force,  and  indeed 
properly  only  in  the  case  of  diseases.  For,  while  the  *■ 
of  anatomical  stmctare  varies  only  in  certain  mbc 
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partica1»r9,  so  tbot,  for  example,  to  individuals  of  iho  same 
ag«  and  &cx,  ccrtiiin  niuscltis  or  bones  aro  wont  to  differ  iib 
niosl  in  point  of  sizo  nnd  woight,  tbo  courso  of  tlio  vital 
proetnsoa  in  difforont  persons  is  woU  knovro  to  bo  subject  to 
variatitms  of  inp/»mpanibly  jfroator  extent.  Tho  rpnsou  of 
this  ifi  crident.  Ttiu  hoallhy  organs  and  their  meclianisms 
always  rcmnin  tbo  same,  nnd  the  laws  of  ihoir  nporatinn  con- 
tiniic  nbaolut-cly  t'lo  Kamc,  bnt  the  conditions  wliicli  act  upon 
them,  and  in  which  they  perform  their  functions,  vary.  It 
i»  duo  »o1eIy  to  the  variation  of  these  conditions  that  tho 
«anio  porfffctly  hnultliy  individual  produces  at  one  tiniL*  much, 
At  another  little,  rarbonic  acid  ;  urinates  or  perspirits  now 
little,  DOW  mnch  ;  sleeps  mnch  or  littlo;  that  tho  frequency 
of  his  prtl5C  rises  at  one  iwriud,  itt  anolhor  falls ;  that  the 
t«niperatnre  of  his  skin  varies  within  wido  limits,  and  so  on  ; 
and  when  odd  reualls  the  truly  immense  diffcrnucea  in  dietj 
ext«raat  temperature,  occupation  and  manner  of  lifu,  ri'si- 
duovo  nnd  characlvr  of  soil  to  which  human  beings  aro 
exposed,  one  cannot  but  bo  amazed  that  tho  organism  is 
capnble  nf  mnintaining  its  lufallli  despite  those  difTerences. 
Thin  is  nchiovcd  beounso  our  body  has  tho  capacity  of 
aeeotnmodating  iUelf  to,  or  oreruoming,  tho  most  varions 
oxtDToal  conditions,  so  that  these  shall  not  disturb  tho 
lYgnlarity  of  tho  vital  processes;  anit  tliis  it  effocls  by 
tho  raoai  ingenions  and  delicate  arranf^oments,  now  examples 
of  which  aro  daily  bruiight  |o  light  in  tho  progress  of  science. 
If  tho  external  tem)H.>rHtiire  be  high,  tho  vessels  of  the  skin 
dilate,  and  there  is  o  plentiful  secretion  of  sweat  with  ovapo- 
rmlioQ  ;  if  it  bu  luw,  the  contraction  of  the  same  vessels  limits 
Uw  radiation  of  heat ;  if  much  water  bu  introduced  into  Iho 
blood  by  drinking,  n  lurge  ijuantity  of  urine  will  be  secreted  ; 
if  the  blood  be  deprived  of  a  large  amount  of  water  by 
swcAting,  the  nnnary  secretion  is  reduced  in  tho  extrenio ; 
Aod,  on  tho  incroosed  production  of  carbonic  acid  during 
rnlnr  exertion,  there  follows  a  riso  in  the  excretion  of 
rboaic  acid  tbroui;h  the  lungs.  Examples  might  bo  thus 
tronmalnltMl  ad  intJiiUurn,  and  to  take  an  instance,  hnrdlv 
t  is  more  attractive  than  the  manifold  contrivances 

f.  ,' V-  the  panliac  activity  and  the  flow  of  tho  blood, 

t.  -  have  become  acqnaiutod  in  recent  years.      But 
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even  Uie  experience  ot  daily  life  shows  bow  much  the  org»a- 
ism  is  capnble  of  accomplishing  in  this  reEpect.  Amongst 
oar  beveragesj  &c.,  sro  many  vrfaioh  iu  small  quaulititis  are 
harmless,  bat  in  larger  docldedljr  injarioas,  or,  as  we  expnun 
it,  potsnnoaa.  Who  does  not  know  that  the  same  doaa  of 
nlcobol  or  tobacco  which  disturbs  the  physiological  (•qnili- 
brium  of  tho  nnhabitaatcd,  i.  c.  caases  illoess,  is  to  the  hubttu- 
iit«dcomplett^lyindifferont?  Now,  it  is  gelF-ovidcut  that  tho 
direct  action  of  the  same  qnantit}'  of  alcohol  will  alwaji 
bo  the  same  on  tbo  same  individual ;  otherwise  wo  ahonlt 
not  have  physiological  laws  to  deal  with.  Bnt  the  regn- 
latiro,  compensatory  capabilities  of  tlio  organism  bare  beoi 
gradnally  aroused  and  disciplined,  and  they  now  cause  tb< 
dose  of  alcohol  to  bo  no  longer  a  poison  to  the  iodiridual. 
Of  course  this  takes  effect  only  within  certain  limtta,  beyond 
which  tho  poison,  as  everyone  knows,  assorts  itself  anew  aa 
sach,  and  becomes  an  exciter  of  disease.  This  iiliutralion^ 
boweTcr  trivial  it  may  seem,  may  yet  sonre  as  stnrting-puiai 
for  a  more  accuralo  paraphrase  of  what  we  call  disease.  W4 
apeak  of  a  disease  where  the  retjulative  tn^cAanufiu,  aeiimj  in 
opponlion  to  one  or  more  vOal  eondiUoTu,  are  no  Itmger  u^rquai*., 
to  SKura  thai  Ihf  variotis  vital  proeestes  shall  proceed  undiM* 
iurbed.  Now,  it  is  self-evident  that  these  rednx  mccfa&nismi 
are  present,  and  perform  their  fnnctions  similarly  in  all 
persons — yet  they  are  far  from  doing  so  with  eqno)  energy, 
with  the  same  qunntitntivo  fnnctional  capacity.  Hence 
will  ba  understood  without  further  explanation  that  on< 
indjvidu&l  may  be  bettor  able  thau  nnother  to  adapt  hinisell 
to  one  and  tho  same  external  condition;  or,  in  other  woi 
that  disease  inay  be  pR^ducod  in  one  person  by  caiixes  wbiel 
have  no  effect  od  another.  Disease  in  nothing  more  or  loi 
than  a  deviation  from  the  oonnrU  vital  process,  brotighl 
about  by  the  action  of  extoroal  conditions  and  the  reactioi 
of  what  may  bo  collud  in  gvuornl  tcnns  the  internal  regui 
lativo    capabilities   of   the   organiaui.     The   extent   of    tht 

deviation,  or  tbo  sevrritynud  dnrntionof  thf -■ '•'•- 

mi  thu  onu  hand,  from  the  luleuitity  of  the  i<;: 
by  the  former,  «.«.  from  tho  degree  in  whicfa  the  cxtcmi 
oonditiona  arc  hetentgi'noomi  and   anoqM|^^^d,  im  the 
other  hand,  from  the  functional  power  <x^^^^|bf-     I  lu 
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hardly  edodUdi]  that  enormous  dilTerenctis  are  presented  by 
discttso  in  point  of  Bovority  and  doration,  for  you  are  all 
awara  that  very  brief  and  very  prolonged  illnesses,  as  veil 
as  all  possible  gradations  between  the  two^  exist ;  and  you 
know  too  that  diseases  of  all  imaginable  degrees  of  intensity 
occnr,  aoioo  of  nnch  trifling  character  that  thoy  may  be 
spokoD  of  aa  mere  indisposition,  and  others  endaugering  life 
iUelf. 

The  conception  of  the  nature  of  disease  here  expounded 
ta  quite  m<Klern,  and  came  to  be  recognised  ouly  in  tho 
coarsi)  of  tbia  century.  Should  tbis  sorprise  you,  considering 
the  apparent  simplicity  of  the  matter  inrolred,  you  will 
please  rvuiumber  that  iu  alt  natural  sciences  the  dircotiuu 
baa  beeOj  and  must  have  beouj  from  the  special  to  tho 
gtmoral.  Just  as  in  botany  an  oak  or  a  pino  were  known 
lo  na  befora  wo  had  proceeded  so  fur  as  to  deduce  and 
datormine  the  conception  "tree/'  and  still  more  "plant," 
■0  also  iu  pathology.  Wo  never  meet  with  an  individuals 
who  is  merely  iu  general  ill,  but  only  with  such,  it  is  evident, 
who  inffer  from  one  or  more  particular  diseoses^OTcn 
]g)i  we  are  not  always  in  a  position  to  recognise  tbem. 
dimgnosis  of  a  disease  is  atinlogoas  to  tho  determination 
of  the  species  of  a  plant.  Thns  in  accordance  with  a.  natural 
nocusity,  the  knowledge  of  individaal  maladies  has  advanced 
Car  more  rapidly  than  the  recognition  of  tbo  conception, 
diMose ;  or  ruther,  it  was  necessary  to  bo  actjuainted  with  a 
Iftrge  number  of  individual  malsdies  before  a  clear  definition 
of  the  nature  of  disease  conld  be  formulated.  The  progress 
of  pathology  ia  historically  this :  the  recognition  oi  a 
multitude  of  individual  diseases  or  special  pathology  pru- 
ceded  tho  dix'Lnuo  of  disease  or  genenil  pathology,  and  the 
-f  bos   arison  only  on   tho    foundation   of  the  former. 

^'uat  Ifais  was  the  only  pathway   leading  to  tho  goal  is  mobt 

rly  proved  by  tho  nnmcrous  and  often  fantastic  attempts 

of  guneral  pathology    in  former  centaries,   before  the   om- 

I'  i>il,  t.  fl.  a  knowledge  of  the  individual  diseases, 

i>j  thereto.     Speoalativo  systema  yi<ao  set  up, 

which  had  of  conrso  to  collapse  tho  moment  tbo  aspect  of 

l»r  '    '     '.'  became  altered  in  the  light  of  now  facta. 

^;  neon   more  influential  in   this  respect  than 
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the  creation  of  pathological  aDatoioy,  which,-  as  yoa  are 
donbtlesa  aware,  owes  its  existence  to  Morgagni.  Only 
after  experience  had  hcen  gained  as  to  the  changes  nnder- 
gODO  by  the  individaal  organs  in  the  various  diseases, 
was  it  possible  to  build  op  an  objective  special  pathology, 
resting  on  facts  for  its  foundation .  In  truth  the  contrast 
between  former  centuries  and  the  present  one  in  manner  of 
expression  and  mode  of  viewing  a  sabject  cannot  be  exagger- 
ated, and  a  formal  investigation  is  in  every  case  necessary 
in  order  to  determine  what  the  older  writers  really  meant 
to  convey  by  definite  names  of  diseases  :  that  most  secure 
of  footholds,  which  the  post-mortem  appearances  afford,  was 
wanting.  This  knowledge  has  become  so  much,  a  part  of 
our  flesh  and  blood,  that  on  hearing  the  name  of  a  disease, 
of  pneumonia,  for  example,  we  recall  both  the  symptoms 
which  the  patient  presents  and  the  condition  and  appearance 
of  his  lung.  We  regard  the  clinical  symptoms  and  the 
anatomical  changes  as  equally  valuable  factors  in  the  estima- 
tion and  determination  of  a  form  of  disease.  The  knowledge 
of  the  symptoms  gained  by  observation  at  the  sick  bed,  and 
the  knowledge  of  the  anatomical  changes,  as  revealed  with 
but  few  exceptions  by  post-mortem  examination,  are  alike 
indispensable  to  the  understanding  of  a  disease.  Neitherof 
them  alone  is  sufficient,  just  as  little  as  in  normal  physiology 
the  most  minute  and  accurate  knowledge  of  tho  conformation 
and  structure  of  a  muscular  fibre  permits  a  surmise  as  to 
the  contractile  power  of  the  muscle,  or  the  most  strict 
observation  of  its  actiouj  even  when  conjoined  with  a 
determination  of  its  collective  physical  properties,  allows 
of  an  approximate  guess  as  to  its  structure.  To  patho- 
logy this  applies,  if  possible,  in  a  still  higher  degree.  It  is 
impossible,  from  the  post-mortem  appearances  in  a  case 
of  typhoid,  to  sketch  a  picture  of  the  course  and  symptoms 
of  this  disease,  having  even  a  remote  resemblance  to  the 
reality,  nor — to  take  a  chance  example  from  the  microscope — 
can  anyone  in  the  least  deduce  the  characters  of  the  urine 
intra  vilam  from  fatty  degeneration  of  the  renal  epithelinm 
or  from  amyloid  degeneration  of  th«  ngal  Teuels,  On  ths 
other  hand,  you  might  obser? 
the  siok  bed,  making  oae  of 
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ox&mtQaLion,  and  it  would  still  be  nbsolatolj  impossible,  in 
tlio  gTCAt  majority  oE  cftses,  to  roproseDt  to  yooraelves  the 
'"'  -  in  Uie  diaease  before  j'ou,  by  way  of  oxample,  to 

'  '  I  tlio  picture  of  a  tuberculous  ItiDj^f  typhoid  iotestioe, 

or  rouud  ulcer  of  the  Htomach.  This  can  bo  attaitied  only 
^  '  ^o  obaervAtion  of  ftytoptoQis  at  tbe  aick  bed  and  tbo 
rcal  examination  post  vwrtein  aro  made  use  of 
<riia»lly — whoroby  ilio  latter  must,  it  is  ovideol,  cover  the 
eDtiro  of  tbu  organic  cliaugea,  tbe  cliemica]  no  less  tlian  the 
tnorptiolof^ncal. 

What  has  been  disoorered  iu  this  purely  empirical  manner 

>astitates  the  subject-matter  of  npccial  pathology.  From 
it  yon  leftrn,  for  example,  that  iu  the  disease  called  pori- 
cttTdttis  the  patient  has  fever,  has  an  abnormally  largo  area 
nt  cardiac  dtilncss  accompanied  by  certain  sounda,  that  his 

ilaOj  his  nrinOj  are  oF  such  and  such  cbnruotcrs,  ihat   his 

diin    prosonta    a    certain    coloarotioo,    &o.,    and    that   an 

vxadatioin  of  a  certain  constitution  is  present  in  the  peri- 

*Cftrdium.     This  is  to  somo  extent  an  accuralc  doacription  of 

tlus  diseoM  in  question,  making  it  possible  for  yon  to  say 

kt  a  portion  prenentinf^   such  and  such   flymptoma  daring 

fo,  or  in  (rhotn  yon  find  such  an  exudation  post  mortem, 
soffers  or  hati  soffered  from  pericarditis.  Special  pathology 
in,  theu,  ft  iJrju^iptiv  natural  science;  it  is  evidently  a 
corolativc  to  that  science  of  healthy  man  called  anthropology 
ID  a  wider  sense.  Anthropology  embraces  (i)  the  scionco 
of  hnmoo  anatomy,  groes  and  minute  ;  (2)  tho  science  oC 
Iho  RO-callod  natural  history  of  man,  1.  e.  bis  mauncr  of  lifo, 
ila  dnratton,  and  all  those  activities  and  functions  which  are 

kpable  of  being  discoTorcd  by  direct  observation,  as  reapi- 

tioa,    nutrition,    propagation,    intellectDal    and    sonsuoDB 

oettTity,  sleep,  gait,  language,  &c.     Now,  you  have  not  in 

roar  ini|Diric9  into  tho  healihy  human  being  rasted  hero, 

Mmi,  inspired  by  the  desire  to  npj>rehenii  tho  vital  processes 

tn  man,  yon  have  pushed  on,  and  havo  dedicated  yourselves 

o8t  thorough  fas]iion  to  the  stndy  of  normal   phyai- 

liBt  is,  CO  the  science  wlione  office  it  is  to  erplain  tho 

luDomooa  and  processes  of  life. 

louno  office  which  is  performed   for  healthy  man  by 
logy  in  contrftdtiitlnction  to  anthropology  ta,  as  opposed 
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to  special  pathology^  the  theme  of  the  science  which  n-e 
designate    by   its    traditional    name,    general    pathology. 
General   pathology  is    an    explanatory   science,    and   seeks 
(i)  to  discover  the  causes  of  diseases,  and  (2]   to  show  the 
inner  connection  of  ike  -phenomena  of  disease.     The  first  of 
these  is  coeztensiTe  with  the  doctrine  of  etiology^  the  second 
with  what  is  most  appropriately  called  morbid  physiology. 
From    the    definition    of    disease    preTionsly  propounded,. 
according  to  which  it  is  a  deviation  from  the  vital  pro- 
ceases   brought  about  by   alteration   of    the    normal    vital 
conditions,  it  follows  directly  that  the  causes  of  disease  are, 
and  can  be,  nothing  else  than  vital  conditions,  that,  in  other 
words,  they   are  external  to   the  organism  itself.      Other 
vital  conditions  are  substituted  for  the  ordinary  ones,  and, 
while  the  organism   reacts   to  the  latter  by  means  of  the 
normal  vital  processes,  it  responds  to  the  former  by  means 
of  the  pathological,  t.  e,  by  means  of  disease.     A  disease 
arises  the  moment  the   deviation  from  the   ordinary  vital 
conditions    is    extensive  enough  to  cause    any  perceptible 
disturbance  of  the  regular  vital  processes,  and,  on  the  other 
hand,  not  so  extensive  as  to  result  in  the  destruction  of  life, 
— in  death  itself.     Accordingly  you  will  have  not  merely  to 
seek  externally  to  the  organism  for  the  causes  of  all  acute 
affections — I  remind  yon,  for  example,  of  the  traumatic  and 
infective  diseases — but  must  trace  to  the  same  sonrce  all 
chronic  complaints,  and  alt  such  too  as  are  themselves  again 
the  effects  transmitted  by  diseased  stuctures  present  in  the 
body.      When    an    individual   with  a  valvular  lesion  geta 
embolism  of  the  brain,  or  dropsy  of  the  subcutaneous  areolar 
tissue,  or  albuminuria,  he  falls  ill,  it  is  tme,  in  consequence 
of   the  cardiac  lesion  present  in  the  organism  ;   yet  this 
again  is  only  the  product  of  an  earlier,  perhaps  very  early» 
illness,  which   must  itself  bo  finally  referred  to  a  cause,  i£ 
in  many  cases  unknown,  at  all  events   seated  outside   the 
organism.       If    you   realise   this  point    the    extraordinary 
interest  of  the  etiology  of  disease  will  at  once  be  apparent. 
A  thorough  understanding  of  diseases  ia,  of  conrae,  incoa- 
ceivable  without  a  knowledge  9'  m.  tt» 

most  important  office  of  hygiei] 
oan  only  be  diso*      —1  wl 
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npoa,  &  cflrtaio  aad  rational  etiology.  But  however  impor- 
faint  is  this  part  of  geoeral  pathologj,  mucli  is  wanting' 
before  it  can  take  rank  as  a  trae  science.  It  is  plain  from 
the  nature  of  the  case  thai  the  etiology  of  disease  possesses 
a  well-bigh  unlimited  compass,  and  must  encroach  upon  the 
moat  faoterogoneous  sciences.  Cosmicol  physics,  meteorology, 
aod  geology  as  well  as  the  social  sciences,  chemistry  as  well 
as  botany  and  geology,— etiology  is  related  to  all  of  them, 
and  draws  from  them  its  facts.  Nor  can  there  bo  any 
doabt  whatever,  that  with  the  over- increasing  complication 
o{  tfao  Titsl  coodttionB  in  which  man  lives  iho  number  of 
dtseasea  has  also  steadily  incrciutcd,  so  that  special  pathology 
haa  not  merely  undergone,  like  physiology,  an  increase 
relatively  lo  our  knowledge,  hot  has  become  absolately  by 
far  moro  comprehensive  than  it  formerly  was.  Yet  it  is 
not  the  range  but  the  natnre  of  the  subject  which  interferesv 
with  it«  ftcieiitifio  treatment.  True,  the  chapter  on  general 
etiology  in  our  modem  text-books  has  no  longer  the  odd 
appoamnce  which  it  not  ao  long  ago  presented,  when  the 
most  hctcrogoneuus  subjects  possible,  from  temperament  to 
beds,  from  atmospheric  vluctricity  and  marriage  to  mould 
and  llcos,  frum  heredity  to  drinks,  were  therein  treated  ; 
but  though  discussion 9  dealing  with  the  vague  and  in 
great  part  h^poihctical  are  nowadays  prudently  avoidud, 
DO  great  improvement  has  been  eSected.  Please  do  not 
misuuderstand  inc.  I  am  the  last  person  to  dispute  that 
these  matters  may  be  of  importance  for  the  etiology  of  a 
disease ;  what  I  deny  is,  only  and  solely,  that  any  scientific 
principle  whotcvcr  is  in  quention  hero.  Etiology  can  ho 
nothing  more,  I  believe,  than  an  enumeration  and  discussion 
of  very  different  factors,  having  only  one  feature  in  common, 
namely,  a  capacity  to  act  as  exciters  of  disease.  With 
affaire  in  this  state,  it  would  unquestionably  bo  of  scientifio 
advantage  to  hand  over  the  minute  systematic  discussion  of 
the  chiiraotera  of  the  soil  and  climate  to  general  physio- 
graphy, of  food  and  drinks  to  physiological  chemistry,  of 
thi!  parasitic  animals  and  plants  to  zoology  and  botany 
r.  ly,  in  short,  to  reliuquiiih  to  the  different  sciences 

w...>:  ■-  *^}  them.      I  am    not  blind  lo  tho  fact  that  it 

may  '  -^  very  desirable  from  a  practical  standpoint 
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to  treat  at  least  certain  sections,  whicli  woald  presaraably  be 
somewhat  meagrely  dealt  with  in  their  respective  sciences^ 
separately  and  gutMt- Independently.  Yet  it  might  even 
then  he  questionable  whether  etiology  should  preferably  be 
discussed  as  a  perfectly  isolated  whole,  or  treated  of  in  con- 
nection with  the  chapters  of  special  and  general  pathology 
to  which  it  is  directly  related. 

I  myself  shall  adopt  the  latter  course  in  these  lectures, 
because  I  am  perauadod  that  it  is  far  more  to  yoar  advan- 
tage to  concentrate  our  united  energies  on  the  other  branch 
of  general  pathology,  namely,  morbid  physiology.  This 
science,  as  its  name  indicates,  bears  the  same  relation  to 
normal  physiology  aa  does  morbid  to  normal  anatomy. 
Wbilo  in  morbid  anatomy  we  loarn  the  modifications  nndor- 
gone  by  the  morphological  (or  chemical)  constitution  of  tho 
individual  organs  in  disease,  morbid  physiology  teaches  how 
the  functions  of  the  affected  organs  are  performed  under 
abnormal  circumstances,  i.  e.  subsequently  to  the  action  on  the 
individual  of  conditions  differing  so  considerably  from  those 
usually  iu  operation  as  to  derange  the  normal  vital  process. 
Bearing  this  in  view,  you  will  at  once  recognise  that  tho 
subject  matter  of  normal  physiology  is  not  snfficient  for 
our  purposes  in  general  pathology.  It  is  of  course  perfectly 
true  that  tho  laws  of  physiology  fully  apply  to  the  diseased 
organism  as  well  as  to  the  healthy  one  ;  but  since  physiology 
explains  the  processes  of  healthy  life  alone,  %.  e.  of  life 
under  ordinary  conditions,  it  does  not  without  more  ado 
help  us  to  an  insight  into  the  processes  going  on  within  the 
organism  when  tho  conditions  are  essentially  changed. 
Nowhero  docs  physiology  afford  information  as  to  what 
occurs  when,  in  addition  to  the  ordinary  food,  a  perfectly 
foreign  substance,  such  as  phosphorus,  for  example,  is 
absorbed  by  the  body.  From  physiology  we  receive  the 
most  detailed  intelligence  as  to  the  normal  circulation,  t.  e. 
whero  heart,  vessels,  and  blood  are  healthy ;  but  of  the 
state  of  tho  circulation  when  the  valves  do  not  close  in  con- 
sequence of  previous  disease,  or  when  the  vessel  walls  are 
altered,  or  when  the  blood  is  coagulated  in  some  part,  we 
learn  nothing  from  physiology.  To  suppose  that  it  is 
possible  to  construct  a  morbid  physiology  by  simply  trans- 
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ferring  tho  proccpts  of  noruial  pliyciolog'y  to  the  sick  heU 
IK  tberufore  iin  error ;  tlio  probloms  to  bo  auswereil  by  our 
•uioiicu  are  qnito  iDdepciidoiit,  nud  here  too  it  will  be  prop43r 
ooTftelrea  to  iwt  bauds  to  the  work,  and  hj>  personal  effort 
tu  Eolvo  iho  riddio  prcaented  by  tho  complicated  phcnouicoa 
uf  dbtciLsu. 

Physiology  is,  it  is  true,  tho  best  and  most  trostwortby 
tfuide  ou  our  wny,  not  only  in  mutters  of  dotjul^  inasmuch  as 
wo  always  nnd  in  i>very  CQSO  ntart  from  it,  and  accept  no 
explanation  which  is  opposed  to  its  doctrines,  but  quito 
apucially  in  that  it  points  out  tho  dirocttun  we  aro  to  Lake. 
Jnitt  aa  modern  phvfiioiog'y  hns  Itin)^  brt>kon  with  all  spcca- 
tativu  gystems,  and  beuome  an  exphknatory  scienno  after  tho 
manner  of  physicti  nnd  chemistry,  ro  do  wo  banish  from  na 
in  pathulofj'y  all  the  Hyntains  which  have  succeeded  onu 
uQother  in  large  namWrs  in  tho  course  of  c«nturiof>.  Far 
hi)  it  from  me  to  deny  onr  indebtedness  to  these  manifold 
•yatomt  for  many  a  gr«'at  nnd  important  advance  in  pathology  ; 
but  they  Luto  a^t  such,  whatever  be  the  names  they  bear,  a 
purely  hJBtorical  iniercst.  General  pathology  knows  no 
other  diroctiuu  and  no  other  classification  than  ttint  which 
obtains  in  phybiology,  and  foUowing  this  science,  we  shall  in 
succeaaion  treat  of  the  pathology  of  the  circulation,  digestion, 
riMpiration,  nutrition,  &g. 

Nob  merely  tho  direction,  howevor,  but  above  nil,  the 
method  of  investigatiim  is  the  same  in  morbid  as  in  normal 
pbysiolugy.  Tou  know  what  the  most  essentia!  aid  of 
phy&iology  is,  that  one  by  which  she  bos  become  an  iiidnctivo 
natural  science  in  the  sense  that  chemistry  and  physics 
am  such  ;  it  is  experiment — and  whero  purely  physical 
and  chemical  exporimcnta  are  inadc«|uat<', — express  physio- 
logical experiment.  By  oxporiment,  as  is  welt  known,  tho 
single  possible  factors  aro  tested  as  to  their  performances, 
and  the  conditions  in  which  an  organ  works  aro  varied  in 
order  to  obtain  iutormatioa  as  to  the  significanco  of  tho 
idividn&l  factors.  The  results  of  pbyfiiotogical  experiment 
itt  tho  fimt  place  of  service  to  pathology  ;  then,  however, 
we  make  uso  of  pathological  experiment,  which  was  Brsi 
p  '  Mo  England  by  John  Hunter,  and  iti  France  by 
-'-  „        ' -';  S*'^  ^"^  only  raised  to  thu  rauk  it  at  present  occu- 
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pioa  Oft  our  moet  importaat  funilanioQtal  aid  by  tlio  reseorclieA 
of  Traube  and  Vircliow  in  the  fiftli  docodo  of  this  eentnry^j 
Ono  cii'CiimMAnce,  as  will  be  reulily  understood,  makea 
Qrp«riment  a  (till  tnoro  prcuising  neccuity  in  patbology  thatv 
in  pliystologyj  namely^  that  we  are  in  a  very  much  liiglior*' 
degree  dependent  on  chance  for  material  for  observation 
than  is  phTRiologj.  Normal  men  and  animals  are  foond  afc 
all  times  and  in  all  places ;  it  ia  hy  no  means  eo  with 
the  (liseascH  one  desires  to  investigate.  This  depeudenco 
on  contingency  for  material  makes  tUeU  very  intons^Iy  f«U, 
even  ill  the  invpHilgation  of  theanwiomical  sidcof  the  processes 
of  di;jenh(>.  Every  dead  hody  in  equally  valuable  bo  far  ax 
the  anatomy  of  the  normal  lung  is  concerned,  provided  this 
organ  has  been  healthy;  it  ig  otherwise  with  the  iuflumed 
luug.  Uero  it  ia  very  different  whotlior  tho  individual  haa 
died,  on  Iho  second  or  ibird  or  oa  lato  as  the  eighth  day  y 
for  iuniiniiiialion  of  the  lung  is  progressive,  while  aimtomical 
examiuatiuii  can  evidently  only  eupfily  infurmution  as  to 
condition  of  tlio  lung  wbich  prevailed  at  the  rnuinvnt  uC 
death.  This  gap  is  fillod  by  pathological  experiment.  Hy 
ita  aid  wo  are  in  a  position  to  work  out  the  anatomical 
history  of  many  highly  important  prooesses,  either 
following  them  by  continuous  observation,  or  at  If 
subjecting  them  to  oxiimination  at  whatever  intermlB  wo 
please  J  ihns  our  most  valuable  knowledge  of  tho  proceHsca 
of  morbid  development  and  growth,  of  intoxications,  of  tho 
processes  of  inflammation,  thrombosis,  and  embolism,  of 
dropaies,  and  of  many  other  aubjecta  is  owing  to  experiment. 
Kor  in  it  of  toss  importance  in  tho  etiology  of  disease,  which 
from  i(a  very  nature  ia  abuont  exclusively  thrown  upon 
experiment,  for  ita  really  iinat  aud  radical  advaacoment. 
Lastly |— and  this  is  perhapa  tho  niotil  beautiful  oflico  of 
cx]K.Titnent — wo  take  advantage  of  it,  exactly  as  in  physiology, 
to  ascertain  the  cunnectiuUj  interdependence,  and  meohamHm 
of  tho  processes  in  the  rarious  diseases.  An  individunl  tnll 
a  tumour  of  the  bruin  pronunls,  amongst  other  ayuiptomf 
profound  stupor  ;  oxporimont  ia  called  in  to  doddo  whothur 
thnKtu]K>r  iaa  oonj>e[|UONOU  of  incrcant'd  iutruoraiiiul  prtiHdiire. 
A  patient,  wlioeo  nrino  is  rcry  amall  in  amount^  get&  (jcdema ;. 
experiment  mu&t  determine  whether  thii  ia  a  result  of   the 
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•ccnmalation  of  water  in  tlio  blood  or  not.  Wbon  a  largo 
pleuritio  exatlation  is  preaont,  the  arterial  blood  pressure  is 
iFTont  to  be  very  low  ;  we  reaort  to  experiment  to  ascertain 
whether  tbis  lowering  of  pressure  is  owing  to  partial  obstmc* 
tion  of  the  pairaonary  bloo<l -vessels,  or  to  what  other  caose. 
You  see,  ibe  offices  of  patbological  experiment  are  numeroas 
and  important.  Bat  if,  on  the  other  band,  experimental 
pathology  has  not  been  carried  to  that  stage  of  elaboration 
Mud  porfoction  which  its  physiological  sister  enjoya,  you 
Will  not  forget  tliat  the  latter  is  considerably  tbo  older. 
HoDce  it  may,  I  believe,  be  confidently  anticipated  that, 
after  we  have  learned  more  every  day  to  exclndo  the  dis- 
turbing secondary  effects,  such  as  pain,  excitement,  8ta.,  and 
to  refine  the  oxporimenta  themselves,  wo  shall  succeed  in 
■till  considerably  extending  and  amplifying  the  domain  of 
pathological  experiment.  Trno,  there  will  always  remain, 
and  we  most  not  hide  this  from  onrsplves,  a  large  prtrt  of 
pathology,  unapproachable  by  this  method.  Such  in  the 
first  place  are  the  diseases  of  organs  so  concealed  as  to  be 
oat  of  the  experimenter's  reach  ;  yet  this  is  only  relative,  and, 
in  view  of  the  performances  of  modern  surgery,  there  may 
very  soon  be  hardly  anything  inaccessible  to  the  experimental 
pathologist.  An  insuperable  difficnlty,  however,  is  pre- 
sented by  all  the  processes  whicb  are  pecnliar  to  man,  and 
which  are  neither  met  with  spontaneoosly,  nor  can  be' 
artificially  produced  in  animals — and  thoso,  oven  if  wo  leave 
ibe  psychical  out  of  account,  are  very  numerous  and 
important. 

Under  tbcso  circumstances  it  is  of  the  greatest  value  to^ 
oar  acionce  that  nature,  so  to  speak,  herself  presents  in  th( 
Tsrions  diseases  a  rich  experimental  material.     AVfaen  onol 
and  the  same  phenomenon   is    observed    in   very  dilTeronftl 
•ffectiana,  this  is  manifestly  nothing   more  or  loss  than 
Tariation   of   the  conditions,    which   must  of  course   be  i 
service  in  the  recognition  of  tho  connection  and  natnre  ol 
the  prDce!;s.      Albuminuria  is  a  symptom  making  it.>i  nppear-j 
KHce  in  some  cardiac  lesions,  in  inflammation  of  the  kidneys,' 
in  amyloid  degeneration  of  the  glomoroli,  in  pyrexia,  in  the 
•I.       '     tnge  of  cholera,  and  so  on;   what  are  those   but 
-   of  the  conditions^  and  in  such  variety  aa  conid 
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hardly  be  furnished  by  means  of  experiment  f  ~  Or,  to 
choose  an  illustration  from  a  quite  different  domain^  when 
a  particular  form  of  tumour  appears  in  very  varioas  locali- 
ties, in  individuals  of  very  unequal  ago  and  unlike  constitn- 
tton,  of  very  dissimilar  mode  of  life,  different  previous  history, 
&c.,  these  are  all  in  a  manner  experiments  instituted  by 
nature,  which  we  need  only  rightly  interpret  to  get  a  clear 
idea  of  the  causes,  laws  of  growth,  and  sigtiificance  of  the 
tumour.  Nor  are  these  more  isolated  examples ;  systematic 
and  careful  observation  by  the  sick  bed  is  a  downright 
inexhaustible  source  of  knowledge,  and  in  this  direction 
morbid  physiology  possesses  advantages  not  shared  by  its 
sister  science. 

I  have  now,  I  believe,  briefly  explained  tho  object, 
progress,  and  methods  of  general  pathology  so  far  as  to 
enable  you  to  see  what  you  have  to  expect  in  this  course 
of  lectures.  Historically  our  science  has  developed  from 
special  pathology,  in  the  constrnctiou  of  which,  again, 
clinical  medicine  and  pathological  anatomy  have  united. 
Tet  it  would  be  nndesirable  to  allow  morbid  physiology  to 
form  tho  last  stone  in  the  edifice  of  your  studies  also.  For 
overy  individual  need  not,  indeed  should  not,  go  through 
the  same  course  of  development  through  which  the  entire 
science  has  passed.  On  the  contrary,  your  teachers  at  once 
meet  you  with  the  accumulated  possessions  of  science  in  its 
various  departments,  and  a  eoorse  is  adopted  in  teaching  the 
very  i*everse  of  tliat  which  would  correspond  to  tho  historical 
development  of  the  sciences.  Ton  have  occupied  yourselves 
with  special  pathology  and  with  special  surgery  and  midwifery 
before  visiting  the  corrosponding  clinics,  and  the  same  plan 
will  be  expedient  in  general  pathology.  It  is  of  course  in 
the  abstract  undeniable  that  tho  greatest  gain  from  the  study 
of  our  science  will  accrue  to  him  who  has  familiarised 
himself  with  disease  by  repeated  clinical  observation,  bat 
this  applies  in  an  equal  degree  to  normal  physiology,  and 
indeed,  if  you  will,  even  to  normal  anatomy  and  embryology. 
But  as  this  does  not  concern  us — you  would  not  now  be 
sitting  on  those  benches  had  you  already  oomplated  your 
atndies — my  lectures  will  be  addressed  chiefly  to 
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are  commeDciog  their  clinical  work.  That  which  is  india- 
pensable  as  preparatory  knowledge,  that  which  we  shall 
always  take  as  oar  starting-point,  is  normal  physiology. 
Furtheri  all  the  knowledge  you  have  acquired  of  patholo- 
gical anatomy — a  subject  which  should,  properly  speaking, 
precede  morbid  physiology,  just  as  normal  anatomy  loads  up 
to  normal  physiology — will  be  of  essential  service  to  you 
in  nnderstanding  what  follows.  I  lay  less  stress  on  a 
detailed  knowledge  of  special  pathology  as  a  preparation  for 
this  conrse ;  you  will,  I  hope,  more  easily  make  this  your 
own  after  having  listened  to  these  lectures.  For  special 
pathology  is,  on  the  one  hand,  as  it  treats  of  symptoms,  an 
application  of  morbid  physiology,  and,  on  the  other,  it 
shows  how  in  the  different  diseases  the  various  derange- 
ments of  physiological  fnnctionof  the  individual  mechanisms 
are  combined.  Moreover,  I  do  not  presuppose  that  any  one 
of  you  has  already  attended  the  clinics ;  on  the  contrary,  I 
believe  I  can  promise  that  it  is  precisely  the  pursuit  of 
morbid  physiology  which  forms  the  best  preparation  for,  and 
introduction  to,  clinical  study  ;  yon  will  thus  be  enabled  to 
nnderstand  very  much  which  would  otherwiie  be  simply 
retained  by  memoiy. 


SECTION   I. 

THE    PATHOLOGY    OP   THE   CIRCULATION. 


Wb  shall   most  adTantageously  commence  oar  inqniries 
with  that  Bectiott  of  oar  sabject,  which  in   the  systematio 
Btody  of  normal  physiology-  is  usually  placed  firsts  namely^ 
the  circulation.     In  accordance  with  the  principles  we  have 
adopted  for  our  gnidance,  the  pathology  of  the  circalation 
is  nothing  more  or  less  than  an  exposition  of  its  behaviour 
under  pathological,    i.  e.    abnormal    conditions — a    task,   in 
tmthj  of    apparently   unlimited  range  I      Every  disturbing 
ioflaence,  affecting  any  portion  of  the  body  whatever,  is  aa 
abnormal  condition ;  and  it  may  at  first  sight  appear  as  if 
we  had  andertaken  to  review  at  this  point  the  whole  subject 
of  special  pathology.     Yet  a  moment's    consideration  will 
suffice  to   show   that  all  disturbances,   however  diverse  in 
character,  can  affect  the  circalation  only  by  acting  on  the 
blood  itself  or  on  the  vascular  mechanism.     If  there  be  no 
alteration  doe  to  morbid  processes  in  the  condition  or  action 
of  the  heart,  in  the  blood-vessels,  or  in  the  blood  itself,  the 
circulation  must  evidently  remain  unaffected,  t.  e.  physio- 
logical.     This,   then,   is    our  point   of  departure ;    aiming 
at  a  stndy  of  the  circulation  under  pathological  conditions, 
we  shall  confine  onrselres  to  these  two  factors,  the  vascular 
system    and    the    blood    circulating    therein.        Thns,    the 
problems  reqairing  solution  suggest  themselves  naturally ; 
^010  does  the  circulation  behave  when  the  vascular  mechanism 
i«    deranged,    how   when    the    constitution    of  the    blood    is 
altered  ?  and   the    path    to    be    pursued    is    naturally  pre- 
scribed  for  us.      It  is  not,  however,  possible  properly  to 
ui5  the  bebftl  onlation  under  pathological 
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conditions  except  along  the  lines  adopted  in  normal  pbysio- 
logy.  We  have  accordingly  to  consider  in  what  manner 
the  blood  circulates  in  the  different  portions  of  the  vascular 
systenij  nnder  what  pressore  and  with  what  velocity ;  as 
well  as  whether  it  thereby  undergoes  any  qualitative  or 
quantitative  change,  and  if  so,  of  what  nature.  It  will  be 
desirable,  further,  to  consider  in  this  connection  the  process 
of  transudation,  which  depends  so  intimately  and  directly  on 
the  blood-stream,  while  the  question  of  the  influence  of  dis- 
turbances of  the  circulation  on  the  function  of  individual 
organs  will  be  appropriately  discussed  with  the  pathology 
of  these  organs.  I  crave  permission,  however,  to  neglect 
one  portion  of  the  subject,  which  should  properly  be  con- 
sidered here,  and  which  regularly  finds  a  place  in  the 
normal  physiology  of  the  circnlation,  i,  e.  the  thorough  dis- 
cussion of  those  phenomena  of  the  circulatory  system  which 
have  developed  into  an  integral  part  of  the  art  of  physical 
diagnosis.  I  have  now  in  mind  the  doctrine  of  the  heart's 
impulse,  of  the  heart-  and  vessel-sounds  and  mnrmnrs,  and 
the  doctrine  of  the  pulse,  all  of  them  subjects  to  which  yoa 
are  introduced^  better  and  much  more  profitably  than  would 
here  be  possible,  in  the  lectures  on  the  methods  of  physical 
diagnosis,  and  in  the  clinical  teaching  by  the  sick-bed.  But 
do  not,  I  beg  of  you,  indulge  in  too  high  expectations.  At 
present,  pathology  is  far  from  being  able  to  vie  with  her 
elder  sister,  the  physiology  of  the  circulation.  The  physio- 
logist, for  example,  who  finds  a  special  pleasure  in  the 
study  of  the  attractive  details  of  the  innervation  of  heart 
and  vessels,  will  suffer  bitter  disappointment  if  he  expects^  in 
the  exposition  of  the  diseases  of  the  circulatory  system,  to 
meet  with  a  minuter  analysis  of  precisely  these  relationSj 
and  of  their  influence.  We  are  not,  at  present,  in  a  pon- 
tion  to  do  more  than  comprehend  and  demonstrate  the,  so 
to  speak,  gross  disturbances  of  the  circulation,  distnrbuices 
which  are,  it  is  tme,  those  of  most  serions  import,  and 
which  consequently  most  closely  concern  the  phymoian. 


CHAPTER  I. 

THE    HRABT. 

The  heart  as  a  $tietion-pump. — Abnormal  tension  in  the  peri- 
cardium an  impediment  to  the  filling  of  the  heart. 
— Experiment. — Ita  explanation. — Action  on  the  flow  in 
the  systemic  arteries  and  veins,  and  on  the  pulmonoiry 
circulation. — Venous  pulse. — Application  to  human 
pathology. — Retardation  of  the  blood-stream. — Cyanosis, 

The  heart  as  a  force-pump. — Conditions  of  regular 
cardiac  action. — Occlusion  of  the  coronary  arteries. — 
Angina  pectoris. — Sclerosis  of  the  coronary  arteries. — 
Nutritive  disturbances,  abscesses,  and  tumours  of  the 
cardiac  musculature. 

Work  done  by  the  heart  in  systole. — Its  dependence  on 
varying  conditions. — Increased  in  consequence  of  valvular 
lesions. — Insujicieney. — Stenosis. — Synechia  of  the  peri- 
cardium.— Experiments. — Artificial  aortic  inaufiicieney. 
— Artificial  stenosis  of  the  trunks  of  the  pulmonary 
artery  and  aorta. — -Application  to  human  pathology, — 
Hypertrophy  of  the  heart. — Its  causes  and  effects, — 
Compensation  of  cardiac  lesions. — Uncompensated  abnor- 
malities of  the  circulation, — Capillary  pulse. — Overload- 
ing of  the  pulmonary  circulation. 

Idiopathic  cardiac  hypertrophy  in  labourers,  gour- 
mands, and  of  nervous  origin. — Circulation  in  cor 
boTinnm. 

Rise  of  temperature  and  fatigue^  sources  of  peril  to 
the  functional  eapaeity  qf  the  heart* — DttiurlHmee  of 
compensation.^^Effecl-  on  the  circulation. — Dilatatwu  of 
the  heart's  cavities. — Wcaketied  heart. 

Summary  of  the  course  of  cardiac  Usions,—Infferjee- 
tions  of  the  tricuspid. 
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Conditions  of  the  frequeney  of  the  pvUe. — Ita  varm- 
bility  in  cardiac  lesions. — Arythmia.— Influence  of  the 
pulse-rate  on  the  pressure  and  velocity  of  the  blood- 
stream.— Circulation  in  fever. — Influence  of  the  pulse- 
rate  on  the  circulation  in  cardiac  disease. 

In  investigatiiig  the  influence  of  disturbances  of  the- 
vascular  mechanism  on  the  circnlation,  heart  and  TesseW 
mast,  it  is  clear,  be  regarded  separately,  and  the  desirability 
of  setting  ont  with  a  problem  as  far  as  possible  uncom- 
plicated is  no  less  apparent.  We  shall  accordingly  discnss, 
in  the  first  place,  the  behaviour  of  the  circulation,  when,  the 
vessels  remaining  intact  and  the  blood  qualitatively  and  quan- 
titatively unchanged,  the  heart  presents  deviations  from  its 
normal  action. 

The  normal  action  of  the  heart  is  well  known  to  yon. 
From  the  veins  the  blood  reaches  the  anricles,  passes  dariag 
the  ventricnlur  diastole  into  the  ventricles,  to  be  then  pro- 
pelled by  the  contraction  of  the  ventricnlar  moscles  at  the 
systole  into  the  arteries,  on  the  left  side  into  the  aorta,  on 
the  right  into  the  pnlmonary ;  while  at  the  same  time  the 
anriculo-ventricnlar  and  semilnnar  valves  guard  against  its- 
flow  in  a  false  direction.  Accordingly,  two  phases  have  to  be- 
distinguished  in  the  heart's  action,  ihe  filling  of  the  chambers 
with  blood  and  the  emptying  of  the  same ;  in  the  former 
the  heart  acts  as  a  suction-pump,  in  the  latter  as  a.  force- 
pump.  Now  the  natnre  of  a  circulation  involves,  it  is  trne,. 
an  intimate  connection  and  a  matual  influence  throughout 
both  phases,  but  this  does  not  exclude  the  possibility  that, 
through  some  influence  or  other,  the  former  or  the  latter 
may  be  the  one  primarily  affected.  On  the  contrary,  an 
analysis  of  those  disturbances  of  the  circulation  which 
depend  on  deranged  action  of  the  heart,  cannot  be  satis- 
factory except  it  set  out  from  the  point  where  the  morbid 
process  has  made  itself  primarily  felt.  We  shall  therefore- 
commence  with  the  first  phase  in  the  heart's  action,  and 
discuss  the  qnestion  whether  any  morbid  conditions  e.tist  by 
which  the  filling  of  the  cavities  of  the  heart  with  blood  is 
impeded. 

Sach   an   impediment   is   necessarily   formed    by   every 
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r^ation  of  Jtuid  inio  the  eavtly  of  the  jierieardiuntf  ivhich  is 
mjtaftU  of  eaifiiing  a  eartain  degree  of  tension  of  Ha  walL 
For,  iiornially,  the  pressore  in  tlie  iwricardiam,  m  in  tlie  rest 
of  the  thorax,  is  not  ponitirc  ;  on  the  contrary,  the  meaaare- 
mnits  of  Jacobsoii  and  Adiinikienicz*  on  sheep  and  dogs 
proro  it  to  be  even  negative,  varying  between  —  3  ami 
—  5  mm.  bg.  Now,  in  order  that,  the  tension  in  the  pericar- 
dium m»y  become  positive  aqiI  reach  a  certain  elevation,  it 
i«  necessary,  ou  account  of  the  ready  distensibility  of  the 
mnc,  that  the  qaautity  of  fluid  be  very  considerable.  In 
(hutso  cusca  especially  vhere  tho  fluid  is  very  slowly  effused, 
tK  i_T  of  ttccouimodatioD  ishovru  by  the  pericardium  is 

^  <  4  so  extraordinary  that  several  hundred  cubic  c(*nti- 

inotres  may  bu  drawn  off  from  ib  nt  tho  autopsy,  although 
danag  life  no  signa  of  cardiac  disturbauco  had  been  present. 
loflommatory  exudations  will  therefore,  by  their  rapid 
increase  in  balk,  more  readily  bring  about  a  considerable 
iocnnuo  of  tension  than  will  simple  tranBudatiunn.  But 
moat  daugeroua  in  this  respect  aro  solutions  of  continuity  of 
tho  bfart  and  great  vessels  within  the  compass  of  the  peri- 
eordiam,  in  consequence  of  which  the  latter  rapidly,  often  in 
a  few  seconds,  bocomea  distended  to  an  extreme  degreowitb 
blood.      How  does  tho  circulation  behave  in  this  situation  f 

On  this  Bnbjoct  experiment — which  is  attended  with  less 
difficulty  than  may  appear  at  first  sight — affords  us  the 
most  reliable  tnfonnation.  It  is  liest  to  employ  for  the 
purpose  a  strong,  mlddle-&ixcd  dog,  which,  as  in  nil  experi- 
menta  on  thu  circulation,  aud  especially  in  those  on  blood- 
preMoro,  is  cararized,  respiration  being  carried  on  artiflcially. 
Access  to  the  pericardium  is  most  conveniently  procured 
ibrough  ■  BufBciently  large  window  in  the  left  half  o(  the 
thorax,  formed  by  the  resection  of  about  three  ribs.  The 
•BO  is  opened  by  means  of  the  smallest  possible  incisioDj 
and  a  so-culk>d  clamp -cannula,  such  as  is  employed  by 
physiologists  for  gastrio  listulte,  is  fastened  in  the  aperture. 
This  cannoU  may,  according  to  P.  Frank's  method,t  be 
connected  with  an  air-reservoir,  capable  of  boing  compressed 
St  will,  while  the  degree*of  compression  is  read  off  on  a 

•  A4fcmklewi«  ftfiA  Jtcoltton.  •  Uti-  OntrlbUlt.,*  1873,  p.  48J. 
+  P.  Pnuk.  ■  (Jax,  hoWomaJ..'  1NJ7,  No.  19. 
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inercDrUI  masoineter  attached   to   ita  side.     It  appean  to 
mOj  however,  tliat  tbere  prill  be  Ioeb  liability  to  error  if." 
instead    of    filliog    the  pericardiucD  with  air,  we  omploy 
liquid  which  will  exclude  all  poesibiUty  of  resorption  duriug 
the   short   time  occupied  by  the    experinicot,   namely,  oil. 
With  this  object,  the  clamp-oaniiula  ia  coauected  by  menos 
o{  an  india-rubber  tubo  with  a^  piece,  one  limb  of  whic 
communicates  with  an  ordinary  manometer,  while  tbo  Ihii 
serves  for  the  injection  or  removal  of  the  oil.     If,  furLhcr, 
a  femoral  or  carotid  artery — or,  in  ca£e  tho  pulmonary  ciroD^ 
latioD  is  also  to  bo  observed,  a  branch  of  the  ii.  pulmonalid' 
ainisira  in  addition — bo  placed  in  counociion  with  Lho  kymo- 
graph, and  an  external  jugular  vein  with  the  soda-manomoterj 
the  effect  on  tho  circulation   of   variations  of  lenKion  in  the 
pericardium  can  bo  read  off  with  the  greatest  precision.      If 
you  now  observe  the  kyraogrnph,  while  tho  level  of  the  oil- 
manometer  remains  at  or    below  zero,  you   see   in  typici 
form   the   two  curves  characteristic  of  the  arteries  of  the 
systemic  and  pulmonary   circulation ;  on  the  one  hand,  tho 
high  pressnre-CQrve  of  the  femoral  with  its  large  respirator) 
elevations  and   depressions,  and  upon  these  the  smaller  aiit 
XDUch  more  numerous  systolic  elevations  ;  on  tho  other  hut 
the  very  much  lower  curve  of   the  u.  pulmvnalis,  on  which 
the  respiratory  aud  systolio  elevations    are  represented 
exactly  synchronous  with  those  of  the  femoral.     Tho  systolii 
elevations  of  the  pulmonary  nearly  approach  in  height  thai 
corresponding  tracings  of    the  systemic    artery,    white  tha 
respiratory  elevations,  though  less  than  those  of  the  femoral, 
are  atill  sufficiently  marked,  owing  to  the  relatively  stronf 
insufOations    which    not   only    expand    but    also    dtstincclj 
raise  the    entire    lungs.       Lastly,   the   level    of   the    soda- 
manouieter   in    conuuction    with    tho   jugular    vein    stauda 
at  about  zero,  with   scarcely  an   indication  of  pnlsation,  bt 
exhibiting   regular    depressions    synchronous   with    the 
sofflations.     Everything  remains  io  precisely  tho  same  slat 
—or  at  most  the  renoiia  pressure  riscends  to  slightly  aboi 
zero — if  700  slowly  inject  into  the  pericardium  a  quantit] 
of  oil  sufficient  to  mtso  tho  oil-level  iu  the  manometer 
3(^—40  mm.     As  soon,  however,  as  yr>u  exceed   this   limil 
and  tho  Dil-maoometer  indicates  a  tcnsiou  of   about  6c 
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•jn  mm.,  or  even  higher,  yoti  at  nnre  nhserix  a  full  of  20— 
mm.  hg.  hi  ike  femornl  prcavure,  niirf,  on  the  other 
imij  a  ri»e  of  r»imttA  pretfture  ia  ahonl  60  mm.  ttoiia.  These 
inltii  become  still  inorv  striking,  when>  by  renewed 
!)jeottoa,  the  oiUIevel  has  boon  raised  to  100 — 120  mm. 
le  fenivral  pressure  uow  falls  to  about  half  its  origioal 
iloi'i  UDd  simitltnnecusly  tho  rospirutory  and  ajslolic  clovo- 
tiou«,  oiorL-  PBpuciully  tho  I»ttci-j  become  decidedly  lowered, 
niuilar  oharButers  aru  preseoted  by  the  pulmonary  ourvOj 
in  wbtcbf  ib  is  true,  tlio  nbaolute  dtipressioD  is  much  lesa, 
in  rolBtiTc>,  od  the  contrary,  scarcely  less,  than  in  thu 
itomic  artvry.  Tbo  pressure  in  the  veins  ofTers  a  most' 
ktrikiag  contrast  to 'that  of  both  arterial  trunks,  for  it  has 
uow  risen  to  nboat  100  mm.  soda.  While  the  oil-level 
jTmBioH  conatantj  tliero  is  no  chnngo  in  tho  pressure  or  in 
If)  cmrvos  uf  the  oft-mentioned  vessels;  and  should,  as 
iiauully  happens  after  a  little  time,  the  tension  of  tho  pori- 
kfdium  become  slightly  relaicod  owing  to  gradual  siTcLching, 
]«  tube  remaining  dosed,  this  is  mostly  accompanied  by 
ily  a  iiligbt  rise  of  the  nrtcrialj  and  fall  of  the  venuua, 
>Qrf>.  Nut  (jo,  wbcu  the  tube  in  opened,  nnci  tJie  oil 
laled  by  the  elastic  recoil  of  the  distended  pericardium, 
10  nrteriul  curves  uow  riae  at  n  bound,  the  piilso  tracings 
ivrfiiKt;  in  aizo,  and  tlie  veuons  pressure  sinks,  letsi  rapidly 
is  Imo,  but  still  with  considerable  celerity  to  its  original 
iToI.  Jf,  however,  instead  of  relieving  the  pericanlinm^ 
foa  further  increaKo  tJio  tension  by  renewed  injection 
oil,  tho  phenomena  above  duficribed  beeomo  still  more 
The  venouB  pros&ure  rises  higher  and  bigborj 
rial  curvos  approach  more  and  more  the  abscissa, 
ic  aystolic  elevations  com^tantly  diminish  till  at  tost  they 
Uj  duiaj'pear.  This  occurs  first  in  the  pulmonary, 
:iUr  hs  suun  as  the  oil  has  risen  to  about  240  mm. 
A  still  higher  tension  ts  at  other  times  needed  ;  I  have 
icvcr,  however,  met  with  a  case  where  tho  pulmonary  con- 
boned  to  pulsntu  after  tho  tension  of  the  perienrdiom  had 
to  320  mm.  While  the  line  described  by  the  pulmonary 
now  atraigbt,  running  parnllol  with,  and  quite  m-arto,  the 
IMB,  and  only  in  some  cases  interrupted  by  slight 
lufflatury   elevations,  the  curve  of  the  (etaoral  coutinuot 
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for  twenty  to  thirty  secondsj  and  oven  longer,  to  prftsentF 
very  small  pnlsatious ;  whereupon  theeo  also  ceas«,  imd  it, 
ViVtf  tBo  puloionary,  cotaee  to  be  represented  by  a  line,  which 
riiii«,  aa  a  rule,  10^15  mm.  ahove,  and  [>aratlel  to,  tHo 
abscissa.  Donog  tliis  entire  period,  the  level  of  the  aodA- 
tnanomotor  in  the  jugular  steadily  reiuuios  at  220,  340^  and 
»till  higher.  Clcirly,  the  pulxeless  animal  cannot  be  allowed 
to  reujain  long  iu  Lhis  condition ;  if,  however,  not  more  thou 
one  or  two  minutes  or  thereabouts  hare  claptied  since  thedi»< 
coutiuuancc  of  pulsation,  it  rocovera  almost  without  exception, 
on  allowing  the  oil  to  escnpo  from  the  pericardium.  Tlie  puldu 
reappears  Grst  iu  the  pnlmonary,  shortly  afterwards  in  the 
femoral  artery,  and  ia  depicted  in  the  curve  as  a  scriett  of  very 
large  wareB,  following  one  another  at  long  inberrols,  bul 
gradually  giving  place  to  others  of  the  original  nniform  size. 
The  blood-preasurc  rises  again  rapidly  and,  as  a  rule,  higher 
than  at  any  time  previously,  remains  for  a  brief  period  at 
this  elevation,  and  then,  if  the  tension  in  the  pericardium 
continues  minimal,  einks  permanently  to  its  origiunl  level. 
Ucanwhilo  the  venous  pressure  has  again  fallen  to  zero. 

Now,  bow  are  these  equally  striking  and. constant  cxpcri- 
menLal  results  to  bo  explained  ?  In  order,  as  far  as  possible, 
to  avoid  miainterprctatiot),  it  will  bo  best  to  fix  our  otlAntion 
on  one  portion  of  tho  va^cnlar  system  at  a  time.  We  shalL 
comrocnce  by  considering  tho  systemic  arteries,  if  fcr  no 
other  reason,  because  their  curve  presented  the  most 
atriking  alterBtiona  in  our  experiment.  How  is  it>  we  ask, 
that  the  arterial  pressure  falle  a»  the  Itmtivn  of  th«  jmrUardiurn 
increatcf,  and  thai  it  riecs  as  the  loiter  diminuhcg  ?  Wo 
now  know,  it  is  true,  that  the  high  tension  which  normally 
prevails  in  the  arterial  system  is  dependent  on  a  tonio  con- 
traction of  the  small  arteries,  whereby  the  chuunela  conveying' 
tho  blood  to  tKo  capillaries  are  permanently  maiutiuned  in  a 
condition  of  relatively  diminished  calibre,  a  diminution  only 
temporurily  giving  place  iu  individual  vcsfioU  to  aomo  degroo 
of  dilatation.  Wo  also  know  that  the  pressure  can  be 
regulated  by  increofling  or  diminishing  this  vaacular  con- 
fttriction.  But  needle&s  to  Eay^  the  peripheral  rcaistonce 
ia  not  tho  only  factor  involved  in  tho  prodoction  of  the 
blood>praBsnro ;   were  tho  poriphcnil  re«iataoc«  redoubled. 
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vera  it  cnpnlile  of  a  quite  uausnal  increase^  tlie  tuooieot  tlie 
htVLTt  Failed   to  dischargo    a  certain    quantity  of    blood  into 

'ihn  aorta,  tho  tension   in    tho  arteries   would  be  at  an  end. 

The  quantity  oF  blood  tlironrn  into  tbo  aorta  by  eacb  ood> 

traction  oF  the  loft  ventricle  mast  nccaratol}-  correspond  to 

tltat  flowing  off  {rom  tbe  artcrica  into  tbc  capiltaric-:!  during 

the   period   which  elapacH  from  tbe  commencement  of  the 

■y(>tolo  to  tbe  end  oF  the  followiog  diaatoloj  i.e.  during  tbo 

intorvaU  between  two  djstolcs.     It   is  tho  maintcuanco  of 

this  proportion  that,  is  the  aonrce  of  the  eoutanl  mean  tfiuion 

<if  the  arteries.     Suppose  tbat>  for  sonio  reason  or  other,  the 

Ifift  rentriclti  commences  after  a  given  moment  to  eject  a 

-diminished  quantity  of  blood,  what  will  be  tbe  consequence  f 

Duriug  tho  first  systole  the  aorta  will  receive  less  blood  than, 

iiwitig  to    the  high  arterial    pressure,    flows    oS    into    and 

through  the    capitlaiies,   i.  e.    the  arterial   system   becomes 

■eniplier  i  tho  same  thing  bappeua  at  tho  second  and  third 

and  each  succeeding  systole,  while  now  the  quantity  of  blood 

6owiDg  off  into  tho  capiUaries  is,  it  is  true,  also  gradually 

diminished  ;  and  ibis  is  repeated   until  the  amount  of  blood 

^isobarged  into  the  aorta  »t  one  Hystolo  and  the  amount 

paa-iing  into  the  capillaries  during  the  interval  between  two 

-ttystoles  have  again  become  e(jnal.      A  constant  mean  tension, 

a   constant    mean    pressure,  is  now    ro-establisbed   in    tbo 

■ttrtaries  ;  but  it  is  lowrr  than  formerly  in  proportion  to  the 

ionnning  of  tbe  quantity  of  blood  discharged  at  each  ven- 

tricnUr  conlroction.     Conversely,  where  the  remaining  con- 

-ditions  affecting  Iho  blood -pressure  are  unchanged,  wo  may 

infer  From  a  lowering  of  tbe  mean  arterial  tension   that   tbe 

<{tianttty    of  blood   discliarged   at    each    systole    bas    been 

•4limiui»bed.     Tliat,  however,  the  fall  in  pressure,  which  so 

promptly  follows  the  increase  of  tension  in  the  pericardiam  is 

actually  dependent  on  this  factor  alone,  is  not  merely  to  be 

inferred  }irr  arciunonem  ;  on  this  point  our  curve  affords  us 

the  most  tclUug  tufurmation.     For  a  lotpering  of  Um  a\}$tolic 

rtrvaiwns  accompanies  pan  poisu  the  reduction  of  the  mean 

arterial  pressure,  affording  unmiatakablo  evidence  that^  at 

cwch  cordioo  oon traction,  a  smaller  quantity  of  blood  is  thrown 

out*)  tbe  arterial  system  than  before. 

With  a  heart    of  normal  functional   capacity — and   that 
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ita  power  romains  uDimpaired  in  onr  experiment  is  motfc 
atrikiDglf  proved  by  the  behaTionr  of  the  urterial  nurvea  imme- 
diately a(Ur  coiptyiag  the  pericardium — a  dimiimtioti  in  the 
quantity  of  blood  ejected  daring  systole  can  only  depend  on  n 
diminution  in  the  fiuantity  present  in  the  ventricle  at  the  com- 
mencement of  tbe  cardiao  contrvction;  in  other  word««  pn  n 
UsBciied  Jlow  of  blw>d  into  the  chambert  Huring  diattolt.  Bat 
whore  doea  the  hlood  remain  which  sbonld,  in  regular 
fashiun^  have  entered  the  heart,  and  why  has  it  failed  to 
enter?  A  glance  at  the  manometer  in  the  jngular  revoab 
its  hiding  place  ;  it  has  accumulated  in  the  venous  system, 
and  the  quantity  present  here  is  snfhoiont  to  give  riae  to 
really  considerable  tension,  though  this  of  course  is  not 
comparable  to  that  in  the  arteriea.  Such  overfilling  of  the 
Tenons  system  cannot  possibly  bo  the  result  of  the  great  fall- 
ing off  in  tho  fulness  of  the  arteries,  for  nothing  conld  be 
mora  pn^pofltcrous  than  to  assume  that  every  dccroaae  of 
tension  in  tho  arteries  mnst  be  followed  by  an  increaaed 
Tonous  tension,  the  total  amoant  of  blood  being  as  before ; 
tho  arterial  pressure  in  the  dog  sinks,  after  dividing  the 
cervical  cord,  to  40 — 50  mm.  hg.,  yet  the  venous  pressure 
does  not  rise  in  the  least.  When,  as  in  our  experiment,  the 
tension  in  the  venous  system  increases  to  100,  lao,  or  even 
300  mm.  8oda,  this  is  to  be  atlributt-d  solely  to  u  correspon- 
ding  resigtnnce,  to  an  obstacle  Dppo«mg  tho  escape  of  blood 
from  the  veins  into  llie  heart,  and  thi»  ohelactc  is  Ihe  abnor- 
mally di»leitdt:d  pericardium.  The  almost  equal  elevationa 
of  the  oil-  and  soda-manometers  at  every  period  of  our 
experiment  is  a  numerical  exprcfrsion  of  the  correctness  of 
ihiareuoning;  the  venous  pressure  is  augmented  in  proper* 
lion  as  llin  oil-level  is  raised  by  renewed  injection  of  oil,  and 
conversely.  But  sincti  this  15  the  case,  becautte  the  venooa 
tension  increases  with  the  increasing  fulness  of  tho  peri- 
cardium, it  is  still  possible  for  the  ciroulution  to  be  carried 
on  ;  worn  it  not  so,  tho  entrsnco  of  vcnons  blood  into 
the  auricle,  vnclosod  as  it  is  in  tho  pericardium,  would  be 
altogether  oat  of  the  question.  Yet,  although  tho  resistance 
filtered  by  the  poricardinm  is  overcome  by  the  venous 
proAsure,  tho  amount  uE  blood  reaching  the  heart  from  the 
veins  in  iba  unit  o£  time  is  of  necessity  diminished,  and 
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tbat  in  pro)K)Hion  to  the  rcsistunco,  t.  e.  to  tbc  tension  in 
the  jicHcardiuiD.  Undor  these  cireuuifitunceii  the  venous 
flow  guflfers  not  muroly  a  ([uautitalivu  but  s  ijtuilitatic^ 
chitngo  ;  tk«  vtnoiu  pvhe  hecomev  murh  inorit  evuUni  than 
%j>  normally  the  cime.  Fur  althaugb  it  is  perfectly  true  that, 
ovoo  with  3i  uorinul  ciruulatiou,  the  reins  which  are  situated 
in  proximity  to  the*  heart  (iisphi;  pulsationsj  synchronous 
with,  and  di'j>eiidunl  on,  Iho  nuriuular  systolu,*  these  uro 
nsuaJly  bo  fofblu  as  to  reqaire  spocinl  methods  for  their 
denioustratiou  :  iiud  since  tUe  auricle  docs  not  during  it«t 
vyatolcf  still  less  duriug  its  diastole,  offer  any  resistance 
worth  loculioniu^  lu  the  instroaming  bloodj  it  is  no  eKsuntiat 
departure  from  the  truth  to  say  that  the  venous  stream, 
despite  these  pulsations,  is  iinironn  and  continuous.  'Vho 
case  is  altered  or  course,  when  the  Qow  nf  venous  blood  into 
the  heart  becoitifst  impeded  ;  for  orcry  aggravation  or  wcakoo- 
ing  of  the  impediment  must  make  itself  much  more  decidedly 
fell  under  such  ciroum stances.  If,  now,  the  pericardium  be 
ao  overfilled  as  to  give  rise  to  somewhat  considorablo  tension, 
the  venous  blood  may  cease  to  enter  at  the  moment  wbon 
thu  Mbnorma]  resiiitauco  is  augmented  by  the  normal  auricular 
oontmotion,  and  ntay  enter  only  during  tlio  auricular  dias- 
tole. The  venous  stroani  is  then  decidedly  rhythmical,  and 
not  only  may  this  character  be  observed  with  the  greatcttt 
case  in  thu  columit  of  the  soda-manometer,  bat  there  is  aUo 
perceptible  a  rhythmical  tunjeM'tHca  of  the  visible  veins, 
most  striking,  of  course,  in  proximity  to  the  heart.  Tins, 
it  is  true,  docs  not,  like  the  venous  pulse  in  iosufiicieticy  of 
the  tricuspidj  originato  in  a  positivo  wave  produced  by  the 
contraction  of  thu  heart,  but  solely  iu  a  rhythmically  recurring 
obalructiou  to  the  untrauco  of  venous  blood  ;  yet  it  presenls 
none  the  lesa  the  nature  of  a  pulse.  In  this  pulse  the 
aonunit  of  the  wave  coincides  with  tho  ouricnlar  systole, 
while  the  depraBsiou  corret^pouds  with  the  auricular  diastole, 
and  is  therefore,  in  greater  part,  syncbronons  with  the  von- 
iricolar  systole.  With  respect  to  the  latter,  and  in  contrast 
to  tho  aystoltc  pnlae  of  the  carotid,  the  venous  palpc  is  pre- 
ai/HoUe.     The    rhythmical    character   of  the   (low   bccooLoa 

^  wait,  *  rUfig.  Arch.,'  irr.  p.  I ;  Ridgvl,  •  Ifcrl.  klio.  Wwhei»clir.,* 
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more  marked^  iho  grenter  (he  tension  of  tlio  pcricanStam^ 
and  tliuij  ererything  progresses  in  an  iDcreastog'  ratio,  till  a 
mument  finally  arrives  vihen  the  t«nsiun  has  become  so  great 
that  the  runoiis  pressure  at  its  acme  can  do  longer  ovorcome 
ii.  Henceforth,  not  a  drop  of  blood  enters  the  right  heart 
from  the  reins ;  acd  the  pulmonary  artery,  into  vtrbich  blood 
is  no  longer  thrown,  now  marks  on  the  paper  of  thu  kymo- 
graph a  line  parallel  to  the  abscissa. 

But  if  iho  pulmonary  artery  sopplies  no  more  blood  to 
the  loDgs,  tbo  pulmonary  reins  cannot  deliver  any,  and 
the  aorta  is  no  better  furnished  with  fresh  blood  than 
are  the  pnlmonary  arteries.  The  flow  has  now  ceased  in 
Lho  systemic  arteries,  although  some  tirae  will  elapse  before 
these,  by  their  iudepeudeot  contractions,  bare  propelled 
into  the  capillaries  a  qoantity  of  blood  gufficient  to  relievo 
their  contents  from  all  tension.  The  small,  piilso-like  oscilla- 
tions, observable  for  a  time  in  the  carotid  curve,  arc  appa- 
rently nothing  but  slight  movements  commanicated  to  the 
4;untent8  of  the  arteries  by  the  contractions  of  tho  mnsoilar 
left  Tentriclo  occarring  simultaneously ;  as  before  stated, 
-tt  true  circulation  no  longer  aeislt.  But  prior  to  this  stage 
tho  pulmonary  circulation  has  not  altogether  accorded  with 
tho  systemic  in  its  demeanour  towards  the  abnormal  toniiion 
in  tho  p«ncardium.  Even  in  their  normal  pressure-rolnliona 
a  great  disparity  exists.  In  the  pulmonary  circulation  ther« 
is  no  finch  contrast  as  prevails  in  tho  systemio  vessela 
Irctween  the  height  of  arterial,  and  tho  lowness  of  venous, 
pressure.  This  is  due  to  tho  ahsenco  of  arterial  tone  in  the 
vessela  of  the  lungs,  or  at  Iea«t  to  its  insignificant  character, 
and  to  the  large  diameter  of  tho  capillaHos;  indeed,  the 
'ODlire  syatem  of  vessels  constituting  tho  pulmonary  circuhi- 
tion  resembles  rather  a  Rimpio  system  of  brnnchod  elaslio 
tabes.  Were  the  prossarc-rolntions  in  both  the  same,  it 
would  bo  impossible  to  see  why,  with  an  incroaBO  of  peri- 
■ciirdial  tension,  there  should  not  occur  iu  the  pnlmonary 
sneh  a  fall  of  arterial,  and  rise  of  vcnons,  proMttro  as  is 
observable  in  tbo  syatomic  vessels.  Yet  what  is  pouiblo  in 
the  systemic,  is  inconceivable  in  the  pulmonary,  oircnla- 
tioa ;  for  while  in  the  former  the  arLerial  i 
choQgh  reduced,  always  eonaiUerably  eicoods   tbt.  -, 
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eren  wbon  thia  is  very  mncli  angmented,  so  that  tlie  flow 
from  arteries  to  veiQs  does  not  cease  ;  io  tbe  latter  tbo  pres- 
Bare-valoes  of  arteries  and  veins  ri^  and  fall  logethor. 
Heuco  it  is  tliat  the  strengtli  of  the  iaBowing  stream  is  a 
maaaure  of  the  teosion  ia  tbe  palmonarv  circulation  ;  and 
aioce  ia  our  {.•xperiment,  as  ahovru  by  the  pulmonary  carve, 
tbe  right  heart  sends  an  abnormally  smalt  quantity  oE 
blood  into  the  arterioa  of  the  lungs  at  each  systole,  Ifm 
urteriat  presifurti  mval  fall,  and  with  it — despite  tbo  impedi- 
ment to  the  entrance  of  venons  blood  into  the  hcart—ZAo 
ttiunon  in  fhe  pulnumarif  wins.  Should  any  of  you,  how- 
erer,  find  difficulty  in  conceiving  how,  under  snch  ciroun.- 
atanceSf  bluod  from  tbe  voins  of  tho  luuga  can  by  any 
ponibility  roach  the  left  auricle,  I  may  remind  you  that 
normally  tbo  blood  of  thoBo  veins  doea  not,  liko  that  of  tho 
systemic,  cuter  tho  heart  under  a  negative  pressure,  but  hns 
ft  poBitivo  tension  little  inferior  to  that  of  the  blood  in  tho 
pulmonary  arteries,  and  that  tho  energy  of  the  venons  flow 
is  BQch  as  to  uvercome  the  resistance  of  a  very  material 
pericardial  tension,  even  though  a  lowering  of  pressure  to- 
half  or  more  Itaa  occurred. 

TUia,  thou,  is  the  inevitable  effect  which  the  filling  of  tho 
pericardium  with  sufficient  fluid  to  cause  a  high  degree  of 
tension  exertw  on  tbe  blood-stream  iu  and  through  the 
heart,  and  thereby  on  the  circulation  in  general.  Imme- 
difttely  on  thu  establishment  in  tho  pericardium  of  a  positive 
tmuioa  of  a  ft>w  mm.  hg.j  an  obstacle  is  opposed  to  tbo 
enlnwco  of  blood  fi-oui  the  systemic  voiu»,  which,  on  the 
one  band,  iocroasoe  the  tension  in  tho  veins,  and,  on  the 
other,  dimiiiisboa  the  quantity  of  blood  flowing  into  the 
heart  in  the  interval  between  two  successive  systoles. 
CofUHK|oentlj,  efich  nystole  forces  less  blood  into  the  luugs,. 
khe  palmonary  pnlsaiions  becomo  smaller,  and  tho  blood- 
pTMiure  in  Lhu  pulmonary  vessels,  artoriul  as  well  as  venous, 
sinks.  This,  however,  involves  of  necessity  a  Uko  dimi- 
DDtion  in  the  pulsations,  and  a  onrresiiouding  reduction  of 
tbe  mean  pre&sure,  in  iho  domain  of  the  systemic  arteries. 
Tfaeso  phenomenik  become  more  pronounced  tho  more  oon- 
ddcrable  tho  pericardial  tension,  till  at  last  a  moment 
ftrrires  when  not  n  drop  of  blood  reaches  the  heart  from  tho 
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ttjsUimic  reins,  ftnd  tlio  eireulation  ceases.  Tliongh  tlio 
licart'H  chaoiliers  confi'nuo  to  contract,  as  sliown  by  the  pol- 
nations  of  tlic  oil-oianuuiGter,  and  more  clearly  still  by 
tncnns  of  {flass  lubes  filled  with  a  eolution  of  common  Bait, 
proviouHly  introduced  inlo  ritlipr  ventricle  from  tho  jogolar 
or  tbo  avrta,  and  placed  in  counection  with  tbo  manometers 
of  tho  Icymo^aph  ;  yet  these  coatructions  arc  fmitlosa,  and 
fiirward  no  blood  to  the  corresponding  arteries.  CerlAtaly, 
with  affairs  in  tliin  condition,  the  final  cessation  of  the 
heart's  aotion  can  only  be  a  question  of  brief  time.  Koi 
(»nly  the  fact,  however,  that  up  to  this  point  the  circulation 
may  bo  porfectly  and  rapidly  restored  to  its  ori^nal  normal 
condition  by  disencumbering  the  pcrJcnrdinm,  but  uIho  tbo 
oontinnanco  of  the  cardiac  contractions  after  all  morement 
of  tho  blood  has  ceased,  afTorUs  an  unmistakable  proof  that 
it  is  not,  as  has  been  supiKised,  by  interfering  with  tbo 
expansion  of  tho  cbomboi's  in  diastole  that  the  tension  of 
tbo  pericanlinm  hrincfs  abont  the  oircniatory  distnrbauoea 
just  described.  An  evident  ri^e  in  the  oil-level  not  uncom- 
monly marks  the  very  moment  when  the  heart  bocomea 
paralysed  and  stop»i  in  diastole— most  striking  teetimony 
thai  a  pericardial  tension  of  about  2&0  mm.  oil  is  incapable 
of  preventing  the  diastolic  ex^mnsion  of  the  cardiac  cavilit-s! 
MoreoTor,  the  expsuKion  of  the  anriclcs  would  in  any  case  be 
intorfered  with  earlier  than  tlrut  of  the  veairicles. 

In  the  light  of  these  exporiioents,  thore  can  be  no  diffi- 
culty in  understanding  the  disturbances  of  the  circulation 
in  human  beings,  in  whom  the  pericardial  tension  is  abnor- 
mally increased  by  any  of  the  abovo-mcutioned  causea. 
Still  wo  shall  not  deprociato  clinical  obHcrvatinn,  if  for  n»i 
other  n^ason,  because  it  affords  a  valuable  usFiuranca  tbut  wo 
have  avoided  in  our  experimetits  those  Kources  of  error  to 
which  onr  methods  are  liable.  In  fart,  human  pathology 
also  teaches  thtit  tho  circulation  is  intlutmced,  not  by  the 
absolute  amount  of  the  perir-ardial  efTosion,  but  solely  by  tk* 
ittyree  of  Itmgion  }iTO(ivrtt  h\j  it.  In  phthisis,  a  slow  tnut»- 
ndation  into  the  pericardium,  formed  during  the  conns  of 
weeks  or  months,  may  acqnire  very  considerable  balk  ;  aud 
yd,  HI  already  indicstftd,  it  produces  not  0  '  •  '  ., 
turbance  of  the  heart's  action,  simply  because,  _  .t 
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gradual  distension  ot  the  sac,  there  is  not  the  least  trace  of 
tonsion  id  theoo  cases ;  on  manual  examination  of  ilio  closed 
pericardiam  post  mortem,  the  finger  comi>»  intu  ct)nt'nct  with 
a  woU  filled  hot  yielding  bladder,  aad  mi-etH  with  no  c'lastic 
rrmstanco.  Directly  contrasting  with  this  is  the  condition 
due  to  intra-pericardial  ruptures  of  thu  heart  or  great  vcssda, 
where  the  ciTnaioD  of  a  comparatively  small  qaanttly  of  blood, 
about  150—200  com.,  Kiiffices  to  extinguish  the  circniation, 
and  the  individual  periahes  much  more  rapidly  than  tho 
mere  hsroorrhage  would  warrant.  Of  greatest  iTit4>i*c9t, 
bowoTer,  are  the  conditions  attending  inflammatory  exnda- 
tiODS  into  the  pericardium.  Here  also  tho  rnto  of  doTo- 
lopinent  is  certainly  an  important  matter,  so  thnt  Rraall 
exudations  of  acute  origin  may  be  of  more  serious  import  for 
the  circulation  than  the  more  bulky  products  ot  an  insidious 
chronic  process.  la  the  com  men  cement  oC  acute  peri- 
carditis, where  the  layers  of  fibrinous  exudation  are  etill  in 
contact,  as  manifested  by  the  presence  of  a  friction  sound, 
the  signs  of  disturbance  of  the  general  circulation  are  so 
alight,  that  the  pulse  of  the  patient,  whoso  temperature  is 
raised,  is  usually  full,  large,  and  hard,  tho  skin  hot,  qui!  tho 
heart-sounds  loud  and  strong.  Whon,  however,  tho  friction- 
•oond  hoa  disapjjeared,  the  area  of  cardiuo  dulness  becomo 
greatly  increased,  and  the  cardiac  impulse  grown  indistinct, 
— i,e.  when  a  large  quantity  of  fluid  baa  been  exuded  into 
the  pericardium — the  arterial  pulse  is  small  and  easily  com- 
pressible, the  heart-sounds,  especially  tho  second  pnlmonnry, 
weak  and  muffled,  while  the  visible  veins  in  tho  face  and  nccTc 
and  elsewhere,  are  more  or  less  tensely  filled,  and  stand  out 
ns  thiclc  cords,  on  which  the  rhythmical  pulsations  just 
described  are  most  clearly  observable.  These  signs  are 
infallible  evidence  thai  the  blootl-praiture  m  the  aortic  infftfrn 
and  pulmonary  ciirulaiion  t«  lowered  htlotv  the  normal  mfnr^^ 
0tQndnrd,  onciE  that  in  thd  »j/«iewnV  tviiis,  on  the  other  hand, 
U  iM  ttbntfTmatly  elevattd.  It  follows  directly  from  this  that 
tht<  blnod  in  tlif.  capillaritx  Jtnu:»  tciVA  ilrmtnUheii  rrlnrittj. 
For  the  di£fereoce  of  teiisiun  between  arteries  and  veins  has 
decreased,  and,  eeleri*  ■paribua,  the  rapidity  oC  tho  stroanaJ 
from  the  one  to  the  other  is  in  direct  ratio  to  thin.  AV'hiU, 
howovcr,  the  velocity  of  the  stream  is  similarly  altered  in  tho 


83 


TOB  HEABT. 


Bystemic  And  pttlmonaiy  capillftries,  it  is  otherwise  with  ihv 
j>reg8nre  under  which  the  cnpillary  blood  flows.  For  the 
nniforni  loweriog  of  totuion  io  tho  veioH  and  arteries  oE  the 
pulnionary  circulation  necessarily  ioToIres  a  sjaular  cfaiiD}^ 
in  the  capillaries;  iu  the  syBteoiio  ciroulatioat  on  the  other 
band,  tho  ineTitable  consequence  oE  tho  iocreasod  venous 
resistance,  is  an  abnormal  excess  of  blood -pressure  in  thi* 
capillary  vessels  ;  Ihc  hlaotl  fiows  ttouiltf,  undtrr  an  exalted 
jmniiure,  through  the  eupitlaricg  of  the  sifatvmic  drcuiatioii* 
The  effects  exerted  by  these  profound  alterations  In  tho 
general  uirculation  on  trnnsiidation,  nnd  on  the  activity  of 
the  various  organs  will  bo  tliorouglily  dealt  frith  later  on ; 
only  QUO  point  is  here  mentioned,  because  of  its  intimate 
connection  with  tho  rirculatinn.  In  proportion  to  tho  tardU 
neas  of  tho  6ow  throngh  the  capillaries,  tho  blood  will  havo 
a  better  opportanily  of  parting  with  oxygen  anrl  abfiorbing 
carbonic  acid  ;  the  sliig>;ijth  stream  becoroca  markedly  vfMtmM. 
This  feet,  and  the  overlonding  of  the  venous  syntem,  afford 
an  explanation  of  the  bloish-red,  livid  colouration  nsaumed, 
under  these  circomstAnces,  by  nil  highly  vascular  otf^m—^ 
change  which,  wlioo  it  occurs  on  the  surface  of  the  body,  i» 
called  ryunosig.  Thus,  to  the  symptoms  occurring  in  pOrt- 
cardial  exudation  must  be  added  cyanosis,  seen  either  aa  a 
slight  roduess  with  a  tinge  of  blue,  and  clearly  apparent 
only  in  those  portions  of  the  body  which  aro  in  gcnciiU. 
more  highly  coloured,  like  tlie  lips,  cheeks,  ears  ;  or  observ- 
able as  a  very  ioleuso  blai»h  hue  of  the  skin  of  tho  face, 
lips,  neck,  and  other  luurtH  of  tho  surface. 

While  tho  abnormal  tension  of  tbe  pericardium  lasts 
tfacro  IB  no  change  in  the  »tato  of  the  circulation,  nnd  in 
some  cbrnuio  cases  of  exudative  pericarditis  it  may  cuotinne 
for  many  weeks.  But  tbe  pericardial  exudation  niny  be 
attended  by  still  greater  dangers;  it  may  even  directly  menace 
life,  if  the  resulting  pcricnrdinl  tension  is  very  considornble. 
For,  alihough  it  cannot  be  denied  that  very  many  of  ifao 
dnngorouB  ^inptoms  appearing  in  the  course  of  lb"  —'.It 
depend  on  complications  which  aro  more  or  less  <  ly 

associated  with  the  pericardial  li/inoD,  such  ns  pyrexia,  the 
impllL-ation  of  tho  munculttr  Btrnrturo  of  the  hf  n  '  >     "      ',]\ 
ithe  very  surprising  change  in  tho  picture  of  h 
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JolUfWv  immedtaUly  on  jtararenUtU  of  the  pericardium^  proTCK 
Wvoiid  doubt  that  Ibe  nbaoruial  tensiou  of  tho  latter  contri^ 
butes  a  large,  if  not  ttio  princijial^  sliaro  to  ilio  severity 
of  the  Affection. 

lb  need  ouly  be  inentiouod  ia  couclusiou  Ihat^  besides 
overfilling  of  ibe  poricBrdium  with  fluids  oilier  pathological 
factors  may  occabionally  oppose  an  abnormal  TOHistauce  io 
tho  entraiire  of  venous  blood  into  llie  heart,  and  thereby  to 
tbo  regular  filling  of  the  latter.  1  hare  now  in  mind  largo 
tumoani  of  the  thorucic  cavity^  especially  if  situated  in  tho 
aeigbboarhood  of  the  heart  itself;  as^  for  example,  eztensivo 
antun/MTmr  and  vu:ti!nntiintl  <jritxclhi',  by  moans  of  which  the 
organ  is  BomeLimes  greatly  displaced  in  a  lateral  direction , 
8o  a«  to  pnll  on,  and  severely  stretch,  tho  largo  arterial 
tmnks,  or  actoally  to  bend  tho  groat  veins  at  an  angle  with 
tbo  Leart.  Pleuritic  exudations,  when  very  copious,  can  act 
in  a  Kimilar  manner.  Tho  circulation  may  in  many  other 
respects  l>o  directly  or  indirectly  damaged  by  the  presence 
of  (tucb  tumours  or  exudations;  but,  in  so  far  ns  they  inter- 
ilere  with  the  filling  of  tho  heart  inth  venous  blood,  they 
mast  be  followed  by  the  rery  suoiu  gencrul  circulatory  dis- 
turbances Bc  would  accompany  a  correspondiug  increase  of 
|tenaioD  in  the  pericardium. 

VTe  now  come  to  the  second  phase  of  the  heart's  action> 
■  that  in  which  it  acts  ns  &  force'puvip,  and  performs  its  tm& 
^lask  of  setting  the  blood  in  motion.  It  is  clear  that  what- 
ror  prejudices  the  regular  evolution  of  this  phase,  whatever^ 
consequently,  exerts  an  injurious  inQuence  on  the  aotnal 
vorlt  o/  the  heart,  mast  be  at  least  aa  important  to  the 
circnlatioD  as  aro  Ihoao  disturbances  in  the  filling  of  the 
cardiac  cavities  which  havo  till  now  occupied  our  attention. 
But  the  circomstance  that  no  event  of  the  sick -bed  more  fre- 
quently claims  tho  earnest  attention,  and  active  interference, 
of  iho  physician  than  these  very  derangements  in  the  work 
of  tho  heart,  is  especially  colcolatcd  to  excite  onr  interest 
in  this  particular  aspect  of  cardiac  pathology.  On  calling 
to  mind  tho  intimate  relations  between  the  heart's  activity 
and  the  condition  and  functions  of  all  the  organs  of  our  body, 
yoa  will  readily  understand  how  it  is  that  disturbances  iu 
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the  heart's  work  are  observrd  with  Mtmonlinarv  frpqooncy  li 
al!  varieties  of  disease.  You  have  Icarnc-il  from  physiolo^ 
with  what  perfection — thankfi  chiefly  to  tho  nction  of  tht 
nerroDs  system — ^the  cardiac  contractions  can  accoiamotlad 
themBoIves  in  point  nf  frequency,  force,  form,  and  nfBcioncy 
to  the  uiost  varied  internal  and  external  conditions  of  normal 
life,  so  that  the  ventricles  shall  act  at  each  systole  to  ihi 
greatest  advantage  of  the  organism ;  and  yon  will  soon  bear 
that  the  capacity  of  these  rej^tative  tnechaniKuis  far  morOj 
t^an  meats  the  demands  of  ordinary,  or  physiological,  life. 
Yet,  however  exquisitely  the  n-galatlve  contrivances  in  tht 
heart  may  act,  coi  merely  do  conditions  exist  where  thcj 
prove  inefficient,  but  circumstances,  too.  iu  which,  as 
will  learn,  new  and  abnormal  conditions  that  are  by  »» 
means  indiCFerent  for  the  circulation,  spring*  out  of  this  very! 
regi]lative  activity.  The  analysis  of  tlie  circulatory  dis- 
turbances appearing  under  such  circuTos lances  com^titnlce 
one  of  the  muet  im}K>rtant,  and  therefore  interesting,  toska  ol 
this  part  of  morbid  physiology. 

The  contrnctions  of  the  heart,  jou  are  aware,  are  physio- 
logicatly  initiated  and  controlled  by  the  »y»ti-m  of  gangUa\ 
embedded   in   its  musculature.     It   is  not   known   whether 
independent  morbid  changes  occur  in  the  cardiac  gnBglton- 
cells,  and  tho  data  adduced  in  evidence  are,  so  far^  mnch  looi 
meagre  to  justify  us  in  drawing  any  concIusiouK  ivhatcver.*! 
We  know,  indeed,  that  the  excitability  of  tho  ganglia 
dependent  on  th«  prfettcts  of  vxyijenattd  hlood,  which  is  oon*i 
veyed  to  them  by  tho  coronary  arteries.     In  wbat  manner] 
the  oirdiao  activity  reacts  to  changes  ixx  tho  ohemicol  con-| 
atttution  of  tho  blood — I  remind  yoa  of  the  cai-dian  poisonaj 
—or  to  alterations   of  its   tomperutaro,   wo   t-hnll   have   luj 
iuquira  in  another  place.     Here,  where  the  composition  of 
the  blood  ia  assnmed  to  be  normal,  wo  are  inttreElod  merely^ 
in  whatever  efTeds  may  be  exerted  on  the  i-nrdiao  gnngliaj 
by  dfiTiingemfmt.it  of  the  nrvulaiion  throwjh  the  roron^iry  cwmw/*,  [ 
That  the  cessation  of  tho  coronary  cirrulation  dr  *-        ♦ho| 
excitability  of  the  ganglia,  may  be  inferred  »  -p*-'- 
experience  of  the  life  of  the  nervous  centres  ; 
directions ;  moreover  we  ai-e  fortr 
•  Ct  I'utjulin, 'VircU.  A. 
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direct  proof  oE  the  fact.  A  considerable  timo  has  elapsed 
sinoD  T.  B«-«oM*  proved  t.)mt,  on  compressing  the  a.  eoron. 
mngna.  a.  aiin'slra  in  tlict  ntbbit,  tho  heart  of  the  nnimiil  qatckly 
ccn«efl  to  beat.  Hn  olwiorved  that  both  right  and  left 
lirurta  Bomcumca  stopped  siraattanGonHly,  bnt  that  more 
frcMfncntlr  tho  Rtoppa^o  of  therlf^ht  followed  later.  Samnel- 
•0H,+  who  rtwently  repeated  Heboid's  experiments,  mostly 
witnessed,  on  catting  off  the  coronary  circulation,  a  gmdiial 
we4koniu(f  of  the  caidinc  contractions,  ending  in  their  com- 
plete extinction^  first  on  tho  l(>ft,  and  aft^jrwards  on  the 
right,  side.  Dut  when  performed  on  the  dog,  tho  experi- 
nont  han  a  Rtill  more  remarlcable  cour«o  ;{  for  in  this 
animal,  the  ligulure  of  any  lurgo  brniich  of  the  n,  corun.  «m. 
or  darlru  has  nt  tirttt  no  elTuct  whatever  oil  tho  rhythm  ur 
vigour  of  the  cardiac  coutraclions,  nor  conHoqncntly  on  the 
blond-prvssnrtt ;  but  after  tho  htp«e  of  ninety  seconds,  on  an 
arvnigef  the  hcart-bBats  begin  to  be  somewhat  irregular  and 
iaCreqnont,  yet  still  without  affecting  the  bloo<l-preHHnre, 
till  KUililenhj  untl  ai  the  mitM  instant  hotit  ctuunltern  aloft  in 
Mantoie.  From  thig  atandHtill,  which  ooonrs,  on  an  avoragc, 
not  Iat«r  tlian  two  minutes  after  occlusion  of  the  branch- 
artery,  thcro  nro  no  means  of  aronsing  tho  vcnlriclea  lo  new 
Kfe  and  rcnowod  contrnctton ;  it  seems  as  if  a  deadly  poison 
Itad  for  over  destroyed  tho  h**nft'H  excitability.  Accordingly, 
it  in,  in  all  probftbiliry,  the  system  of  ganglia  which  is 
■ffocKd  in  this  direct  fashion,  although  the  anatomical  dis- 

ribntioD    of    the   ganglion-cells  within  the    muscular    mass 

lakfu  it  imposstblu  to  distingaiDh  with  certainty  whether 
the  nction  of  the  arterial  isctuemia  is  exerted  ou  the 
nerroiis  or  mnsciilar  elements.  Yet  I  am  unable  to  con- 
OMM)  tiow,  with  a  marked  independence  of  the  mnsulcs  of 
the  left  and   right   vontrioles,  tho  one  from   the  other   (of 

irliirh  I  shall  produce  numcrout;  proofs  furihcron),  a  limited 
icrtal   ischmmin   eonid,   in   sneli    deailly   niaunnr,  |>iiralyse 
irrettombly  the  whole  cardiac  muscuUtiir*.     For  I  repeat, 

lo  closaro  of  one  or  Vjoth  coronary  trnnks  is  not  neeoBsary  ; 

i  '^3 ;  *  irnt«i«tic1iHog»n  ava  doin  pl^- 

r  II 
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any  one  branch  of  a  certain  gize,  no  matter  which,  ia  snffioienl 
Iboagh  tho  occlasion  oE  Terj  Kinall  bnvuchea  is  nithoat  Mtij 
recognisable  infloence  on    tho   fuTiction  of    the   heart, 
would  hero  lead  me  too  ^r,  irere  I  to  dwell  nfc  length  en 
this    remark&b1e    experiment,    and    especially    were    I    Xi 
attempt  in  explain  why  it  '\n  thnt  the  closaro  of  the  coronar 
artcrien  in  the  rabbit  ha;*  not  always  the   same  effect  as  in 
the  dogj  on  the  other  band,  it  will    be  interefiting  to  yot 
to  learn  that  the  experiment  has  a  really  practical  bearii 
on  htimau   patliolog-y.     Not   merely  that    cases  of  sodtlei 
death  are  on  record,  where  the  aatopsy  revealed  as  sole— 
and,  as  we  now   know,  guGBcient — cause  of  death,  embolic 
obstrnctiou  of  one  of  the  larger  branches  of  the  CDrooAry 
arteries ;  we  are  also  nndoubtediy  justified  in  utilisin]^  oai 
experiment  to  explain  those  much  commoner,  but  no  li 
suddenly  fatal,  cai>e»  where  extreme  sclerosis  of  the  roroaargn 
arlenes,  but  no  embolism,  not  even  thrombosis^  can  be  demot 
stratcd  pout  vufrt^m.     The  explanation  to  be  adopted  bore  ii 
the  same  as  is  resorted  to  in  those  l^  no  moans  rare  ex»nipIiH 
of  softening  of   the  brain   which   set  in  with  the  clinic 
])ictnro  of  apoplexy,  althoe^h  nothing  is  found  after  dcati 
save  a  chronic  sclcroais  of  the  arteries  supplying  the  area 
softening.     In  both  coses  the  lumen  of  the  artery  become*] 
narrower  and  narrower,  owing  to  the  gradaally  adi 
disease  of  its  wall,  till  a  point  is  reached  whore  the  qt 
of  blood  indispentfsbte  to  nutntioD~-in  other  words,  to  thj 
maintenance   of   fanction — can  no  longer  pass  through   the' 
vessel,  and  now  there  takes  place,  in  the  cue  case,  the  inlvr- 
raptioD  of  nerve-condaction,  iathe  other,  the  fatal  action  oo 
the  cardiac  gaoglfa, 

But  if  you  accept  this  interpretation,  you  will  very 
properly  ask — What  was  tho  character  of  the  heart's  action  at 
the  time  when  tho  coronary  Arteries,  though  still  pervi 
no  longer  perviitltd  the  pasiNufe  of  a  normal  hlootl-nti 
Certainly,  a  juetiflnblo  qnestion,  and  yet  1  am  not  in  a  pan- 
tion  to  giro  you  a  satisfactory  answer.  For,  thou*'' 
satablished  beyond  doubi  that  if  a  somowbat  ca 
segment  only  nf  tho  heart  be  oomplotoly  deprived  of  arterii 
blood,  death  rapidly  ensues,  we  know  tittle  that  is  certain  ol 
the  influence  possibly  i^xortc-d  on  tho  action  and  excitabi 
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of  ttio<gangti»  by  lliat  iaipairoieat  of  tb«  circulation  through 
the  TCiSHele  of  the  heart  which  is  inseparable  from  sdcrosia 
of  tbe  coronary  art«rieG.  Pathologists  have  for  h  long  time 
been  disposed  lu  connect  the  peculiar  neurosis,  known  under 
the  oanio  of  angina  pectoris  or  stenorardia,  with  pclerosis  of 
the  coronaries.  Angina  jiectortB  is  charaoteri&ed  hy  pat'oxysros 
of  violent  pain,  radiating  in  various  directions  from  the 
pmoordial  rogion,  at  the  same  time  associated  with  a  feeling 
of  indescribable  anxiety  and  dread  of  impending  dissolutioD^ 
and  frequently  accompanied  by  intense  dyspnoDa.  During 
the  allacks,  the  palse  is  usually  irregular^  and  as  a  rule,  smalt 
and  empty,  or  even  intermittent ;  sometimes,  however,  it  is 
very  full,  bard,  and  extremely  frequent.  The  duration  of 
ith«  parozyems  varies  from  a  few  minutes  to  several  hours. 
Kow  it  is  quite  true,  that  iu  iudtviduals  who  have  suffered 
daring  life  from  angina  pectoris,  or  perhaps  succumbed  to  an 
attack,  there  has  repeat«dly  been  found  pott  vioritin  a  more 
or  leak  extensive  and  advajiced  rigidity  and  sclerosis  of  the 
oorooary  arteries.  Nevertheless,  a  true  causal  relationship 
laMid  not  therefore  exist,  especially  as  it  often  hajipeus  that 
ao  trace  of  disease  is  to  be  found  in  the  coronary  arteries  of 
Ruch  subjects,  and — what  is  still  more  common — thst  a  very 
high  degree  even  of  coronary  sclerosis  is  mot  with  in  persons 
who  have  never  bud  an  attack  of  angina.  Kveu  if  the 
statistics  telling  in  favour  of  a  connection  between  both  pro- 
wero  more  satisfactory  than  h  really  tbe  esse,  this 
would  be  little  to  the  purpose.  It  would  always  he  open  to 
soppoie  that  the  circulation  through  the  coronariea,  being 
already  impeded,  had  been  still  farther  impaired  by  some 
transient  accidental  circomstance  or  other  ;  such  a  supposi- 
tion,  however,  is  incapable  of  proof.  But,  turning  from 
tba  consideration  of  these  paroxysms,  let  us  look  at  the 
evidence  at  our  disposal  with  regard  to  what  is,  to  my  mind, 
a  much  more  iutere&tiug  qucatioii,  uamely,  whether  the 
action  of  the  cardiac  gangbs,  either  during  the  interval 
between  two  sttocks,  or  in  their  entire  absence,  presents  any 
kind  of  porniauent  deviation  from  the  normal,  which  might  pos- 
sibly bo  attributed  to  an  insufficient  supply  of  arterial  blood  f 
Ou  this  point  experience,  as  already  stated,  affords  little 
of  a  positive  character.     On  the   one   hand,  chronic    end- 
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and  mos-orteribis  of  tbe  ooroBaries  is,  eepecially  iu  biIvoucm] 
life,  80  oxtraordinarily  freqnont,  and  on  the  othpr,  aoRinmioal 
examination  of  arteries  post  nutrtetn  is  «o  far  from  bi'iug' »^ 
fair  criterion  of  the  extent  to  which  thojr  were  infra  viU 
permeahle,  that  tbe  atmosb  caution  must  be  obiwrved  ii 
ooming  to  a  conclusion.  So  mui-h  in  at  auy  rata  cerliuni 
that  in  many  cases  where,  judging  from  tbu  anatototcal 
appearances  prevented  by  the  coronary  arteries,  we  nruj 
obliged  to  admit  that  the  impediment  to  the  circulation  ii 
them  mnsl  have  been  very  conttJderablo,  no  Bjanptoms  of  Hij 
kind  of  disturbance  of  the  heart's  action  hud  been  pratietil 
during  Hfe ;  and  the  case  is  not  ueccBsarily  altorod  by  tbi 
presence  of  single,  or  even  «f  DamerouB,  BO-call»d  mjfocardiiit 
Jibr&m  intluralions,  the  witncsBps  in  the  heart  itself  to  Ibl 
poverty  of  a  blood-supply,  in  mnny  places  insnllicicut  evec 
to  maintain  tho  vitality  of  its  muscnlar  fibre. 

For  the  fact   that  severe   tUaiurbnncm  of  th'-  nnlritinn  uj 
the  muacuiar  tissue  of  tho  heart,  very  oommoiiiy  form  n  scqupl 
to  tho  affection  of  tho  coronaries^  introdnccs  a  now  olemeul 
of  difTiouHy,  and  complicates  not  a  Hltlc  the  wholo  qnestioosj 
It  IB  now   known  that  tbe  very  great  majority  of  tbe  my» 
cardibic  indurations  just  mentioned,  whether  they  irepre«oul 
the  final  stage   of   typical   necrotic    foci,   so-called   mnlioi 
■infarcts,  or  conntituto  tbo  rusidnal    product  of  a   slow    am 
imperceptible  destrnctien  of  some  of  the  miiKcutar  fiht 
are  iluo  to  an  advanced  sclerosis  of  the  smull  branches  of  th( 
coronary  arteries  supplying  tho  affected  part.    For  Uuk  ruasonj 
they  are  most  freqnently  mot  with  iu  tboHo   porliona  of  tfai 
hoai*!  whore  the  arterio-sclerosis   is  nmmlly  most   intcnsi 
namoly,  in  the  areas  supplied  by  tbe  dusceuding  branch  oi 
the  left  coronary  artery.     Furthermore,  most  pathologists  aro 
probably   now   unanimous  in  regarding  numeruas  cnne^  uf 
fatty  degeneration  as  the  neqaclis  simply  of  scrvnro  uoronarj 
scloraais.     These,  it  is  truuj  constitnio  hut  part  of  lh1^  fattj 
hearts  which  como  under  ohscrrntion,  iar fatty  metaworpl 
or  futty  deiiciicrnlion,  is  certainly  the  most  frequent  of  all 
nntrittVQ  disinrhanccB  occurring  in  this  orgaiu     We 
have  to  go  into  its  vnrions  cnasoti  hit«r  ou  ; 
oient  to  point  out  llist  it  may  b«  acute  '••■  • 
may  attack  cither  tho  right  or  tho  Ic 
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buUi  together,  and  that*  as  ia  oU  morbid  procesaos,  tbore 
iiro  very  dtfforuat  degrees  of  it.  Tho  dcifeueration  usually 
affects  HrsL  the  papillary  muscles,  ncxb  the  aubt-odocardial 
layer  of  mascalnr  Sbroa,  nnd  finally,  in  oxtrcme  cascei,  the 
wliolo  thickness  of  tho  muscular  wall.  But  whilo  many  o£ 
tho  fatty  degeneration ti  of  the  heart  have  nothing  to  do  with 
dutorboncos  of  tho  coronary  circulation,  this  is  more  unirer* 
Mlly  tmo  of  Aomo  other  pathological  processes  and  condi- 
ttuiia,  by  Hbtoti  the  an;itomicaI  and  histological  iutegrity  o£ 
KmalJor  or  larger  sections  of  tho  heart's  musculature  is 
diUlia^ed.  Auiung  these  «re  amijloid  (letimtcratwn  of  the  tuyo- 
1,-ardiuui  i  further  true  inllauimatory  processes  of  the  beart- 
mtMcUr,  tx>tb  the  rarer  more  diSuito  forms^  &ud  the  more 
common  cardiac  uhtK-esats,  &uch  as  are  observed  in  glanders  and 
in  pyiomtaj  and  occnstoually  also,  hk  the  result  of  embolism, 
in  nlceratiro  endocarditis  ;  and  lastly,  all  tumvura  situated  iu 
tba  muRcular  wall,  a»  ciircinoinas  and  sarcomas,  tho  larger 
ooMOua  tulieixlts  aud  gummata;  ibe  sn/owa,  aa  cysticorci 
and  ecluuococci. 

Vuu  i-ve  ihtru  is  no  scarcity  of  patholo^^icul  procossos  b/ 
which  the  lieari-musclo  is  more  or  less  domaijotl  in  siructurfl 
or  in  chemical  composition.  Somo  of  these  inrolTo  only 
Itt&iled  pfirtions  of  the  muscular  tissue;  others,  on  the  con- 
trary, aro  moro  diffuse  ;  and  they  present,  in  other  respects, 
Ibe  utmost  variety  of  cbamcter.  Thoy  have,  however,  one 
foatnre  in  common,  in  that  Oteij  all  eautiea  1cm  of  contraetiie 
»nb4taHCVp  of  that  substance,  that  is  to  eay,  -which  executes 
thn  work  of  the  heart.  The  result,  conseciaeutly,  of  all  these 
■  |Hiicwce  will  be  n  ilrtcrioratioii,  more  or  leaa,  of  the  heart'ii 
vvrUng  rapiicitij.  iJut  siuce  the  myocardium,  like  erery 
other  nioficlc,  cannot  work  without  an  abundant  supply  of 
ortortal  blood,  it  may  safely  be  a&sumed  that  a  degree  of 
uoronary  sclerosis  capable  of  opposing  a  considerable  obstacle 
to  tho  atream  uf  arterial  blood  iuto,  and  through,  these  vessels, 
will  also  depresa  tho  functional  power  of  the  cardiac  muscu- 
laturo.  Whiio  wo  aro  thus  enabled  to  discuss  tho  group  of 
aircunutcribcd  or  of  diffuse  affections  of  tho  heart-muscle  and 
'      '    '  .^   from    tho   same   point  of 

:....jj...  vi  eiuco  the  following  lino  of 

:t  vogue.     A  heart  whose  working  power  haa 
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<]et«riorated  mast  fither  throw  into  tbe  arteries  by  its  coo- 
tractioBS  a  given  qnantity  of  blood  with  diminishoil  force,  or 
only  (whicb  auiouuts  to  tlio  samo  tbing)  discbarge  a  smallf^r 
quantity.     The  conseqaenco   must   be  that    bu   abnormally 
small  amoDDt  of  blood  vrill  roncb  the  arteries  at  each  aystolff,  j 
and    that   therefore,    doI    only    will    the    single    palaAlion^ 
become  smaller,  bnt  also^for  reasons  prcvionsly  laid  down 
— the   mean  artorlal   preiuinre  Fall.     This  sonnds   plausible 
enonghj  bnt  only  a  moment  ago  X  dwelt  on  tho  &ct  that 
Tery  severe  coronary  sclerosis  is  very  frequently   foond  at 
the  antopsy  of  individuals,  in  wbom^  during  life,  no  sign 
bad  pointed  to  derangement  of  the  circulation;  and  I  hero 
exists  a  multitude  of  analogous  experiences  with  regard  to 
the    diseases    of    tbo    myocardium.       Thus,    circamscribodl 
tumours  of  the  benrl-TnuEcle  do  not  usually  betray  tbeirl 
preeoDce  by  any  morbid  symptom  whatever,  even  though  u' 
large    number  of    nodules    be    scattered    throughout    bolb 
ventricles.       Myocarditic   indurations,   also,   even   when    m». 
namerons  in  a  region  as  to  lead  to  the  protnisiun  outnardal 
■of  the  affected  part  in  the  form  of  a  partial  cardiac  aoen- 
rysm,  often  remain  quite  latent  till  death.     Moreover^  every- 
one with  a  large  material  for  observation  at  command,  baa 
seen  cases  where  the  autopsy  reveals  aeroro  alteratiooa  in 
the  heart-muscle,  «.  <;.  such  a  host  of  connectirc-tissuc  indora* 
tions  and   necrotic  infarcts  that  one  meets  thorn  at  crery 
inciBion  into   the  muscular  wall ;  and  yet  the  pnlse  luul 
betrayed,  iiiira    vitam,  no  deviation   from  the  normal, 
particular  no  lowuess  of  tension.     But  still  more  ;   it  may 
ahown  experimentally,  and  that  too  in  animals  whose  hearts 
are  not  distingaislied  by  special  vigour  or  power  of  reaistanoeJ 
that  the  loss  of  very  extensive  portions  eveu  of  the  contractile 
substance  is  not  necessarily  disadrBntageoas  to  iho  blood- 
pressure  and  character  of  the  pulse.     In  a  rabbit,  accvsa  ti 
whose  bcaH  is  procured  by  opening  the  thorax  and    peri- 
cardium, whole  portions  of  the  right  or  left  ventricle  cao 
compressed   and  tlirown  out   of  action  by  means  v'.    ' 
damps  furnished  with  strong  tpriuga ;  and  j/et  Ihc 
curw  (toes  not  ititrplaif  Iha  rligliteet  ehanffa.     A  oaoaii 
sfctiou  of  the  heart-muscle  is  hero  completrlv  iFdlat 
-yet  no  iuflacncc  whatever  on  the 
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•bould  anyone  atUcli  special  tuiportance  to  tlie  fact  that,  in 
ull  tliQiiO  cascfi,  only  Etnalter  or  larger^  and  at  any  ruto  cir- 
uuDucribcd,  portions  of  the  contractilo  substance  aro  rcndored 
loactivo,  while  the  remainder  continuos  quite  unchanged,  I 
may  allude  to  fatty  hearty  and  to  that  Tariety  where^  aa  u 
rule,  the  wliulo  of  tlio  muscular  tibrea  of  right  and  left 
Ttrnlrides  are  attacked  with  equal  sererilyj  namoly,  the 
fatty  heart  in  severe  forms  of  ana>Tniu,  in  the  Bo<called 
■ptrrnicious  niuvmut^  for  example.  For,  in  <iuite  a  number  of 
typical  and  fatal  cases  of  this  disease,  the  pulse,  which  is 
skroDg,  mostly  somevrhat  frequent,  bub  in  other  respects  quite 
regnlar,  and  the  good  arterial  tension,  most  vividly  contrastj 
up  to  a  very  short  time  before  tho  fatal  termination,  with  tho 
wnxy  pallor,  load  systolic  cardiac  raarmurs,  and  painful  rons- 
cular  feebleness  of  the  patients.  How  is  it  to  be  explained 
that  poise  and  blood-pressnre  have  retained  their  normal 
ohoraeters,  despite  such  profound  alterations  of  the  entire 
myocardium  7 

In  the  nyllogiam  above  given  one  of  the  premises  most 
dearly  be  false,  and  indeed  the  error  may  be  readily  detected. 
That  coronary  sclerosis  and  tho  various  affections  of  tho 
lieart-musctc  must  permanently  diminish  the  energy  of  the 
heart,  even  the  roost  determined  sceptic  will  not  dispute  ; 
but  is  it  true  that  leas  blood  is  now  ejected  into  tho  arteries 
at  each  systole  than  formerly,  when  the  functional  capacity 
-of  the  tnyocnrdium  was  Ktill  unim|»aircd?  This  conclusion 
wonld  be  perfectly  legitimate,  were  the  qnantity  of  blood 
cxpolled  by  the  normal  heart  at  each  contraction  constant, 
and  directly  proportional  to  the  musciilnr  power  of  the 
Tontrtcle.  But  in  reality  this  is  out  of  tho  question.  The 
icorit  done  hy  the  Vfutricle  al  each  systole,  i.e.  the  product  of 
the  amoont  of  blood  set  in  motion  and  the  height  of 
prcttnre,  wr  «  quantity  varyin'j,  «n<?«r  normal  conditu>n«, 
within  twy  wide  limiU.  Let  ns  confine  ourselves,  for  sake 
of  simplicity,  to  tho  left  ventricle — the  same  considerations, 
fmttntit  -lAutandi*,  evidently  hold  good  for  the  right — and 
wo  find  that  the  height  of  pressure,  i.  v.  the  art'erial  tension, 
being  constant,  a  change  in  tho  frequency  of  the  pulse  ia  sufii- 
«ieDt  tft  or  to  diminish  the  systolic  work.      Observe 

nosing  the  heart  of  a  living  rabbity  and 
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applyiDfj;  to  oqo  of  its  vagi  Ibo  olootrotlos  of  an  iDdoGlioa 
appnraius.  Tbo  moment  a  curi'out  of  iiKxloratu  strongtli 
pBucs  through  tho  ncrrn,  you  »cq,  an  ihu  pnlaa  liooomt^ 
slower,  an  incrcftscil  dinstolic  expansion  of  tho  vcntnclfl  ;  anil 
since  tho  cliambor  19  emptied  at  tho  next  nysti^lc)  to  thctMumi 
extent  as  before,  this  is  nothing  Rhort  of  nn  incrcago  in  tbo 
amount  of  work  done.  Similarlj,  tho  qtianlity  of  blood 
enterinjf  the  ventricle  daring  diastolo  mnitt  vary  pniportiou- 
ally  to  tliu  velocity  of  tbo  vouous  blood-iitreitm.  In  moutitaiu 
climbing,  for  example,  or  other  strenuous  physical  exoriioDj 
tbo  circulation  tbruugh  tbo  niuncles  in  very  abiiixUiit  and 
rapid  ;  consequently  a  larger  mtiouiit  of  blood  rt-iiL-he6  the 
heart  through  the  great  voius  iu  the  unit  uf  time,  and  each 
syatule  mast  now  eject  a  lurgur  amount,  or  lU  utiior  words, 
perform  more  work.  A  uuutrary  t'uuditiou  pi-uvaiU  iu  a 
state  of  oomplole  bodily  rest ;  this  in  certainly  the  oaiti 
during  alccp.  Wu  have  here  pretiuppoKod  thai,  tho  roaiisl- 
ance  to  be  overcome  by  the  Tuntriculnr  eoiiiriLctiou  isalwnya 
tho  Bamef  but  this  is  true  only  couditiouuUy,  nod  witbiti 
certain  limits.  As  compared  with  our  kuuwlcdgu  of  ihu 
diurnal  variations  iu  tbo  frcrjucncy  of  the  puUo  and  in  tho 
temperature  of  tho  body,  wo  possess,  owing  to  the  imper- 
fection of  the  means  at.  command  for  it.s  delermination,  Htllc 
aocumte  information  with  regard  to  the  daily  behaviour  of 
the  blood -pressure.  Still,  leaving  out  of  ncuonnt  tho  respi- 
ratory variations,  we  are  at  lonst  aware  that,  nndcr  ijaile 
DOrmiil  circnmstaucos,  for  examploj  during  physical  exertion 
or  digestion,  the  arterial  pressure,  and  with  it  the  work  ot 
tho  vOutrielo  in  systole,  rises  liighf;r  thun  at  otbt*r  periods. 
The  heart  occupies  no  oxcuptionul  position  amougsi  thu 
mocbanisms  of  the  animal  body  i  the  machine  works  thas 
surely  and  pttrfoctly,  hemufio  U  in  »o  O'ljuHml  thai  il  can 
yrvnipttj/  arf(/mmoiUitv  ilnvlf  to  ilta  CftTifiuij  inicranl  nml 
ejiemal  conditiowi.  Wu  cau  uo  more  s|>eak  of  u  "  nuniial  " 
amuuiit  of  work,  as  a  definite  absolute  value,  in  the  case  uf  tho 
-heart  than  in  the  csmi  of  the  stomach  or  kidneys;  fi>r  Ihti 
"normal  "  varies  with  tho  varying stato  and  bobuvionrof  tb« 
ri'st  of  thu  body.     The  criterion  of  health  ■  ■  'T 

iu  tho  ability  of  the  heart  Iu  comply  at  ouce  na ^    ..._,. i,g 

demands  on  its  work.     Hat  if  the  organiKsttoa  of  tbo  hnmaji 
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hesrt  be  such  thht  it  ia  capablo  of  mooting  very  exoessire 
doronnds.  il.  need  «xc!(e  no  surprise,  sliould  a  lessening  of 
ite  eaetfiy  leave  it  Btill  capable  of  fulBlling  ttio  ordinary 
average  tasks  required  of  it.  To  what  extent  the  normal 
h«artcui  do  ju3tiou  to  these  demands,  patbology  alone  fully 
infonuB  as. 

The  work  done  by  tlie  heart — to  this  we  adhere  as  the 
itarLing  point  of  our  entire  diKcnssion — is  delormined  by  the 
t|aautily  of  blood  reauhiog  tbo  vcntriclo  during  diastoic^aDd 
tbo  amount  of  rasistnnoe  to  be  overoome  by  the  heart  in 
propelling  it  into  tbo  nrwrioii ;  and  because  both  factors  are 
normally  linblo  1o  constant  variations,  the  amount  of  work 
donabyoaoh  contraelion  is  also  probably  a  constontly  varying 
qoantiiy.  Nor  can  there  he  any  morbid  factors  capable  of 
affecting  tho  work  of  tho  h«nrt-muscle,  except  snch  as  act 
on  the  arterial  resistance  or  on  the  dinstolic  blood- quantum. 
Shonld  it  be  asked,  however,  whitt  are  the  pathological 
processes  calcuUtod  to  augment  the  work  of  the  lieart  by 
incroasiug  QUO  or  the  other  factor,  or  both  together,  wo  must 
•Ttdcutly  inclada  here  the  frequent  recurrence,  or  extreme 
ftiigm<.>ntutiun,  of  pbysiologica)  prucesseK.  But  tho  patholo- 
gical charautt-r  of  these  augmentations  is  still  moro  apparent 
wbon  thoy  are  brought  about  by  oircamstances  having  no 
analogy  in  physiological  life,  in  other  words,  when  tho  con- 
ditions increasing  either  tho  diastolic  blood-qaantum  or  the 
mistancu  opposed  to  tbo  emptying  of  the  ventricica  are 
■llogether  abuormal. 

Of  such  abnormal  conditions,  none  are  commoner  or  more 
important  than  unperfectiona  in  the  valves  of  tfte  hcart-pnmp, 
tftf  as  they  are  commonly  called,  valvvlar  legions.  Tbo 
office  of  the  valves  is,  you  oro  aware,  to  secure  that  tho 
blood  set  in  motion  by  the  heart  shall  take  and  maintain 
that  diroction  which  alone  subserves  the  circnlation.  Tho 
a aricolo- ventricular  valves  accomplish  thia  by  swinging  np 
in  the  veuLriclo  daring  systole  till  their  lines  of  contact 
mettt,  while  the  fhortlx  ieiidinex  arising  from  tho  papillary 
muscles  guard  against  (heir  inversion  into  the  auricles. 
Tho  semilunar  valves  attain  the  same  object  by  flapping  down 
f**—--'^  'ho  ventricle  in  diusitole  till  their  lines  of  contact 
.   -  mto  apposition.     Bearing  in  mind  this  mocbiui- 
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iavOf  ifc  at  once  becomes  evideot  ODder  ivhal  circainstances  llie 
valrtts  will  be  nn&ble  to  vlTiM^t  ttie  clofinre  of  the  correaponil-  ^1 
ing  ostia,  or  ta  other  words,  inmtjieienl .  This  will  occur,  in  all  ^1 
cases,  where  the  flaps  are  too  short  to  allow  their  Hues  o( 
contact  to  meet,  or  where  defects  exist  in  their  subaiaoee.  ^1 
in  the  aaricula-ventriciilar  valves  it  will  also  take  place  when  ^^ 
the  chorda  letidineie are  abDoriual,  whethorit  be  that,  throagfa 
shortening,  the  cusps  are  held  fast  against  the  papillary 
nmscles  and  thas  prevented  from  closing,  or  that  their  lacera- 
tion permits  the  segments  to  overstep  the  mark  and  bocome 
inverted  into  the  anricle.  These  lesions  are  mostly  the  prc^i 
dnct  of  an  endoearditis  valcularh,  which  haa  terminated,  hi 
part^  in  contraction,  and,  in  part,  in  nlceration,  loss  of  sub- 
stance, and  perforation  of  the  valves  ;  the  last  not  uncom- 
monly after  the  disease  had  previously  gone  on  to  the 
formation  of  small  valvnlar  aneurysms.  It  eaonot  be 
disputed,  however,  th»t  in  a  minority  of  cases  the  valvular 
incompetency  hss  ai-isen  without  the  pre- occurrence  of  endo- 
-carditis  valvularis.  1  refer  to  so-called  Trlaiiw  in»Hjici«nry, 
where  the  perfectly  normal  valves,  after  having  for  a  long 
period  salisfactority  fullilled  their  funuLion,  become,  in  conse- 
qneuce  of  the  BubseifucDi  ocuurrvuce  of  un  abnoruol  dilatation 
of  the  correspouding'  cardiac  cavity  orvascular  Lnmcn,  too  short 
to  cover  the  over-capacious  ostia.  Such  relative  insufficiency, 
orj  perhaps  still  belter,  incontintmci/,  is  most  commonly  mat 
with  in  the  tricuspid.  It  also  sometimes  occurs  in  the 
valves  of  the  left  heart;  but  it  is  rather  true  endocarditis. 
that  is  in  both — in  the  aortic  valves  certaiuly  ofteuer  than  in 
the  mitral — the  canso  of  the  vnlvolor  imperfection.  So  far 
as  the  effect  on  the  blood-stream  is  couccraed,  it  can  oato- 
rally  occasion  no  difference  whether  the  insufficioncy  has 
been  brought  aboat  in  one  way  or  the  other.  But  what  ta 
-this  effect  ?  ^ 

Speaking  gourrally,  a  portion  of  the  blood  unst,  in  every  ^| 
case  of  valvular  iucontincucy,  bo  diverted  trom  its  natunal 
direction,  and  the  normal  stream   be  thereby  impovcriabed.. 
But  a  special  consideration  of  each  of  tho  valves  in  c|aejiti< 
ii   indispensable,   if  wo  desire   to  understand   the  precise 
infloence  of  these  lesions  on   the  circulation  through  the 
heart.     The  least  complicated  conditions  are  prosontod  hj 
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insaffieiency  of  tho  semilunar  valves.  For  hore  the  result 
of  the  ineontinency  is  the  rtrjurfjUalimi,  during  the  ventricu- 
lar diiutole,  of  a  portion  of  the  blood  from  the  aorta  or 
pulmonary  artery,  as  th^  ca/ie  may  be,  into  the  correspond' 
ing  chamber ;  and  tho  latter  ih  conseqnontly  fed  during 
diastnlo  with  blood  from  two  Boarcc.%  normally  frc^m  the 
aoricnlnr,  and  abnormftlly  from  the  arteriul.  Matters  are 
somewhat  more  compHcnted  in  insaffieiency  of  the  anrlcnlo- 
ventricular  vnlvoR.  Let  ua  take  the  mitral  first.  Here, 
part  of  the  blood,  which  has  entered  the  loft  ventricle 
daring  dififitole,  will  be  thrown  back  at  the  next  Bystole 
ikrough  the  iocontiaent  valve,  at  least  as  far  as  the  left 
Auricle;  whether  also  into  the  lungs,  and  if  so,  how  far, 
depends  on  the  degree  of  insufficiency,  the  muscular  power 
o£  the  ventricle,  &c.  Do  not  forget,  however,  that  the  retro- 
grade movomcut  is  of  very  brief  duration,  and  coincides  only 
with  that  |iart  of  the  systole,  during  which  the  rapid  ascent  of 
pressure  in  tbo  ventricle,  that  is  to  say,  its  active  contraction, 
takes  place;  in  the  interval  following,  during  which  the 
ventricle  remaina  firmly  contracted,  the  blood  again  Sows 
oat  of  the  pulmonary  veins  into  the  relaxed  auricle,  so  that 
this  is  Glled  with  blood  from  two  sources,  in  a  normal 
aanni?r  from  tho  lungs,  and  in  a  perverted  one  from  tho 
left  ventricle.  Yet  this  is  not  all.  For,  in  tho  first  place,  tho 
left  ventricle  will  also  henceforward  receive  daring  its 
diastole  an  abnorroslly  abundant  supply  of  blood,  since  now, 
not  merely  tho  normal,  bat  in  addition  tho  regurgitated, 
blood  flows  in  from  the  auricle,  or  rather,  as  you  will  soon 
hear,  is  driven  iu  by  its  more  forcible  contraction.  Again,  Jn 
tbo  second  place,  the  over-filling  of  the  left  auricle,  or  the 
direct  regurgitation  of  the  blood  into  the  lungs,  as  the 
case  may  be,  involves  an  impediment  to  the  circulation 
Ifaroogb  these  organs,  iu  other  words,  the  rettttityue  in  tk« 
\  pulmonary  ryskm  is  tncreoKd, — an  item  of  essential  import- 
ance in  the  work  to  be  done  by  that  portion  of  the  heart 
wfao«e  duty  it  is  to  overcome  this  rosistaQce,  namely,  the 
right  Tculriale.  It  is  apparent  that,  with  the  exception  of 
tho  ctrcumBlanccB  last  mentioned,  these  obserrattons  also 
hold  good  for  insaffieiency  of  the  tricuspid. 

Bat  it  is  iudispcnsable  to  the  regular  action  of  the  hearty 
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lliBt  tlie  flaps  shall  so  act  that  tho  ostia,  wliicU  ara  cIomJ 
at  the  right  moment,  shall  bo  at  other  limes  open.  Tba 
aonculo-veDtricalar  valves  are  opeoed,  ss  yoa  Icuow,  at  the 
oomroencemcnt  of  the  diaBtole  of  the  vonthcleB,  the  arterial  at, 
the  commcDuoment  of  their  svstolc.  Kow  there  arc  a  niimbOT 
of  morbid  pr(>ccES(>!<,  by  which  tlie  opeiting  of  the  o«tia  ix, 
in  a  greater  or  less  decree,  impeded.  Tho  moat  important 
part  is  played  here  by  the  inler-adhveion  of  tuo  vaivutar 
Begmente  ;  an  orant  which  of  necessity  leads  to  encroach- 
ment on  tho  area  of  the  alTccLed  orifice,  should  tho  evil  remain 
nnremedied  by  a  corresponding  elongation  of  the  new  valve 
formed  by  adhesion.  A  stenosis  will  still  mure  certainly 
result,  when  the  aohility  of  the  adherent  ralvee  is  lessened 
by  Ikr.  fifiposit  of  Ume-Mhn,  and  their  chisiire  by  the 
pressure  of  the  instreaming  blood  becomes,  in  eonso> 
quence,  diffictdt  or  even  impossible.  In  fact,  we  liave  nolt 
infreqiientiy  »n  opportmiily  of  convincing  otir«olve»  bow 
consideruble  are  the  deposits  of  a  thrombotic  character, 
which  may  be  seated  on  a  vatve,  semiluiinr  or  cuspid,  despite 
the  absence  daring  life  of  all  signs  of  stouoeis.  As  long  u 
the  deposits  are  softj  ihey  constitute  no  obstoclej  wortb 
mentioning,  to  tho  circulation  ;  a  circumstance  whioh  some' 
times  tells  iti  n  sarprisiug  way,  ospeciftlly  in  so-called 
BHiloearililia  ulcerosa.  So  soon,  however,  as  a  fuimewhat 
considerable  portion  of  tho  valves  has  nndergouo  caIciSoa< 
tiori.uu  imjx-'flimoiit  to  the  clrcnlation  is  tho  result.  During 
extra-Dtcriue  life,  this  condition  is  observed  in  the  Mut 
majority  of  cases  in  connection  with  tho  left  ftnriculo. 
ventricular  orifice,  which  is  ufton  tmnsff»rin<'d  into  a  narrow, 
hutton-bole-liko  slit.  Next  in  point  of  fretinGncy  rnmea  tlie 
aortic  oriBce,  which  may  in  extreme  c-nses  be  so  narrowed 
that  a  ioIemb]y  thick  sonnd  can  only  >vit1i  difliculty  ho 
insiumitt'd  through  it.  It  is  much  more  rarely  seen  iu  thtf 
pulmonary'  orifice,  which,  on  the  other  hand,  often  hecomet 
the  spst  of  fctonosis  Jn  coii8e<|u<nice  of  fuulty  devolupment 
iti  footal  life.  Lastly,  isolated  stenoses  of  the  right 
nurieuli>-ventricular  orifitio  ore  to  be  classed  among  the 
greatest  rarities. 

We  lirLve   next    to   deal    with    those   narmwings   of    tlio 
cardiac  ostia,  or  of  the  couus  artcntwas,  which  arc  duo  to 
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cotuprrssion  from  withoal  or  to  tntnoiirs  in  Uio  faoart  itBclf, 
nnd  which,  by  ronson  of  their  loss  frequent  occurrpnco,  ore  of 
inferior  importRnco  to  the  adhesions  nnd  culcifications  of 
iho  Tolrulnr  segments.  ThuB,  tho  pulmonary  ostinm  may  be 
proRtly  niMTowed  by  tba  pressure  of  an  anenryfrn  of  tho 
•ortn.  dosc-cndcns.  Af^in,  an  cchinococcaa  or  a  large 
mneer-nodnlo  in  tlio  loft  vontricio  may  load  to  sevore 
ob^itructioii  of  the  aortic  or  mitral  orifice.  Cicnlricofi  may 
alM  occasionally  bo  observed  in  tlic  heart  strotohiog  liico  nn 
»CMud  dinpliragm  across  a  groat  part  of  tho  conus  artoriofias 
of  tho  riffbb  or  loft  Tentricio.* 

Tho  influouco  exerted  on  the  circulation  tbrough  the 
b«art  by  all  these  varieties  of  stenoftiH,  'whatever  their 
origin,  may  be  stated  very  simply ;  it  consists  iu  the 
rtlnMtMhment  through  their  aqancy  of  an  abnormal  Tesislance, 
by  which  tho  rosiatanco  already  opposed  to  the  omptying  of 
the  oorrcapondiag  mvttios  of  tho  hoart  is  auf^mcntod.  If  the 
nienotM  ia  situated  at  iho  outlet  of  the  ventricle,  i.  e.  iu  tho 
OHiium  artoriosum  or  in  tho  couag  artorio8U8,  it  18  tho 
vonlricle  tliat  is  affwlpd  by  tho  incroased  rnsistaiice ;  if,  on 
the  other  hiind,  one  of  tho  aurioulo>veiitricular  orifices  is 
iiarTowe<1,  tho  anricles  meet  with  a  greater  or  l«8«  degree  of 
reiistancc  daring  their  systole,  while  normally  the  amount 
Co  be  overcome  by  their  contraction  is  practically  ni7.  In 
■imofliB  of  tho  mitral,  liowover,  tbo  eifects  of  the  abnormal 
rrnBtanco  will  extond  ns  far  back  as  tho  right  vontriclo,  for 
the  atiricnlar  contraction  only  takos  placo  during  tbo  last 
third  of  (ho  vontriculnr  diastole,  and  previously  to  tliis  it  is 
]>riiicipal1y  tho  ten»ton  communicated  to  the  pnlmonory 
ciroulatiou  by  the  right  ventricle  that  drives  the  blood 
forward.  'While,  tlierefore,  insuflioiency  influences  the 
work  of  tlio  heart  chiefly  by  increasing  the  diastolic  blood- 
([aontuiu,  stenosis  acU  by  enhancing  the  resifitaiico  opposed 
tn  tho  evacuation  of  the  cardiao  cavities.  In  very  many 
TalraUii'  leaionH,  it  in  trnc,  especially  in  those  leading  to 
contraction  of  the  orifices,  both  conditions  unitu  in  increos- 
mg  tho  demands  on  the  work  of  the  heart,  for  ouly  too 
ofton  insailioioucy  goes  hand  in  hand  with  stenosis. 

*  Cr.  Gm-fTtmr.  'Atrb.  f.  Idio.  Mc<l.,'  xx.p.  iSii ;  Ltadraaiin,  ibid.,  xxv, 
^  QiDf  I^rilvn, '  Yirclj.  Areli.,'  ziix,  p.  197. 
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It  vill  "be  adrJEablo  tocooaider  in  connection  with  st«iu)si 
nnather    patliolugical    condttton    which,    though  CBSontiall] 
dissimilar  in  nature,  has  one  point  in  common  vith  itj  th&b^ 
it  angmenifi  the  resistance  opposJnf^  tho  heart's  contraction — 
I  mean  the  complete  adiiesioii  of  tlio  two  layers  of  the  pcri- 
cardinm,  so-called  jrj/ti'-rAm,  which  soconunouly  remains  Eiftor 
0  severe  fibrinoDs  pericarditis.     To  bo  soro,  synochia  of  the 
pericardium  wonld  scarceljr,  as  such,  offer  any  very  greo 
resistance    to    the    contraction    oE    the  hcart-mnscto,   aim 
normally  the  pariet&l  layer  is  always  in  immcdi&te   cont 
with  the  visceral ;  and^  in  fact,  th«  entire  obliteration  of  th< 
sac  is  often   enough  a  po»t-mortvm  discovery,  for  which  ti( 
Bymptoraa  intra  vitam  UsmI  prepared  us.      Bat,  associated  wit) 
the  pericarditis  interna,  it  ia  by  no  means  uncommon  to  find 
a  so-called  pericarditis  externa,  tbat  is,  an  inSammation  o| 
tbo  pleura  pcricardioca  and  of  the  mediastinal   ccmneottT^ 
tissue.     It   thus  comes  to  pass,  that  the   synechia  of   thai 
pericardium    is    frec|uent]y   combined  with   firm    adhusi( 
between   the  parietal   layer  and  tho  anterior   wall   of   ihi 
thorax,  the  mediastinal  layers  of  tbo  pleura,  the  diaphrajntii 
And  ercn  the  stmctnrcs  of  the  posterior  mediastinum.      Hal 
where  ench  attachments  exists  the  heart  must  by  its   eoa-i 
tractions  overcome   the  opposition  of  all   these  ntruciuniiJ 
and  the  resistance  opposed    to  its    work    is    conseqaoncij 
increased  to  a  considerable  degree  above  the  normal. 

Now,  should  one  of   the  morbid  conditions  jnst  describee 
be  eetabliehed  in  connection  with   tbo  heart,  ii  follows  as 
direct  conclusion  from  oar  recent  discussions  that  the  wort 
done  by  the  organ  mnst  be  augmented  to  correspond  wttlJ 
tho  increased  demands  upon  it;  and  this  will  occur  whetherj 
the  entire  heart  or  only  single  parts  be  concerned.     At  od] 
rate  this  is  tho  result  to  which  wc  have  been  led  by  out 
ruflections.     But  iu  order  to  determine  whether  this  int 
really  takea  place,  we   shall   again   have  recourse   to 
exp«rimeutal  method.     IF  one  uf  the  le^iuns  described 
bo  produced  artiiicially  iu  n  healthy  animal,  a  aimolt 
examination  of  the  arterial  and  venous  circulation,  on  tho  on( 
hand,  and  of   the   iiitrawirdlac  prvssure,  on  the  ullif 
afford  reliable  informatiim  ou  ihi*  point  at  lu-'u".      \\ ... 
bject  a  very  simple,  but  it  is  true  im  mt^tlmd   vi] 


AUTIFrcUL  AOETIO  INSTTITICIEKCr. 


49 


demoDBtration  ta&y  be  resorted  to.  Nothing  moro  is  neceo- 
sanr  than  the  production  of  artiScial  aortic  insufficieDoy  bjr 
perfornting  the  aortic  ralves  of  ati  animal.*  The  oxpcri- 
inent  tnajr  almost  always  be  sacceisfully  earned  oot  on  the 
rabbit,  and  with  still  greater  cortaioty  od  the  dog.  A  thtn 
metallic  aoand,  furnished  at  its  foremost  extremity  with  a 
button,  ia  introduced  into  the  carotid  in  the  direction  of  tho 
heart,  and  if  carefully  manipalat^d,  may  qaito  easily  be 
nmde  to  perforate  at  least  one,  sometimes  two,  or  perhaps  all 
thrfe  segments  ;  or  one  may  even  succeed  in  partially  tearing 
them  from  their  attaohment  to  tho  aorta.  That  laceration  of 
tbe  valvoa  has  been  snccessfally  effected  is  not  merely 
apparent  to  the  operator  as  ho  gaidea  tho  instrument ;  as  a 
rule,  a  load,  mostly  whistling  murmur^  audible  ovor  tho  baso 
of  the  heart,  at  once  affords  proof  of  positive  success.  Most 
nnmistakable  information  is,  howcTcr,  derived  from  the 
arterial  pressnre-cnrve,  whoro  tho  peenliar  characters  of  tho 
pBlao  of  aortic  inanfficiency,  shortly  to  be  discasscd,  imme- 
diately mnko  their  appearance.  But  although  ihero  ia  no 
doubt  that  tho  aortic  valves  nro  perforated,  and  no  longer 
ablfl  to  effect  complete  olosaro  of  the  orifico  during  tho 
ventricular  diastole,  the  mean  arterial  -pressttre  cmitinuei  at 
pTtcxKUj  itt  former  level,  nor  is  tho  renoua  prcjisuro  in 
tho  leoAt  influenced  by  the  operation.  This  result,  whilo 
making  it  extremely  probable,  that  the  Trork  done  by  the 
loft  Tcntncle  has  increased  in  consequence  of  the  inanfficiency, 
doc«  not,  however,  directly  prove  it.  There  is,  moroever, 
in  the  experiment  the  inherent  drawback,  that  the  amount 
of  inaofficiency  is  not  under  control,  since  the  number  of 
«egmeDt«  perforated  and  the  aize  of  the  perforations  are  more 
or  Xf*  matters  of  chance,  and  there  is  no  possibility  of 
determining  tho  extent  of  the  injury  infra  vilam.  Much 
iDoro   instmctive  thoreforOf   although  more  complicated,  ia 


*  <  ^^riinrnt  wu  fint  commnniMtM  in  the  Bnt  edition  of  tbMB 

I  i,  p.  3S;  ilMt^riUd  Diori^  in  detail,  luwell  u  supplemeat^d  aiul 
<  4|>e<'ia)lT  in  tW  cUuirai  dirruliuu,  b^  Itowobacli  in  hU  iiutugural 
tf9T  arttGctclle  Uenro)i1<<r,*  Bmlnn,  i8;8,  BtHl '  Arch.  f.  «ip9ri< 
-.'  ix.  p.  I :  dncv  «Tungfnlly  called  ia  tinestion  by  J.  Oodilard. 
'\.i-j.i.Titti|(  opg«ireVt«  gebrefcen  van  bet  cstjon  sortM,*  J.  D.  Leiden. 
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another  oxperimcutoJ  procedure,  by  which  ttenosU,  uid  xa 
iusafiicieDcy,  of  the  arterial  oatia  is  artificially  prodoccd. 

This  expurimeut,  like   that  od  positive  pericardial    tcn-1 
aiou,  ia  carried,  out  on  »  curariw4  dog,  whose  reapirnliou  is 
maintained  artificially ;  the  first  step  in  it  boin^  the   fomin- 
tioD  o£  a  large  vriudow  in  the  left  half  of  the  tlionuL  b] 
an  ample  resection  of  the  ribs.     The  pericardium  is  the 
opened  at  its  upper  end,  in  the  neigfabourhuod  of  its  roBcR- 
tiouj  and  tho  cellular  and  adipose  tissues  binding  together  thvl 
aorta  and  pnlmonary  artery  immediately  abovo  their  ori^tna 
are  divided  by  toeana  of  two  pairs  of  Forceps.     Tho  groaica 
caution  must  be  exercised  here,  siuce  the  thin-walled  patmc 
ary  is  extremely  susceptible  of  injnry.     A  strong  thread 
then  passed  round  the  artery,  of  which  it  is  denired   to  pro 
duce  stonosisj  and  tho  ligature  ia  secured  in  a  loop-knot 
snch  as  is  employed  in  surgery  under  the  name  of  "  Gracfctaji.M 
The  lumen  of  the  aorta  or  of  the  pulmonary  artery  can  noi 
be  more  or  less  constricted  at  discretion  by  means  of  tho  li{ 
tore.     The  curve  of  the  arlerut  fenwratis  (this  Teiwol  beinj 
connected  with  the  kymograph)  and  a  soda-mano meter  ii 
oonaectiou  with  tho  vena  jugut.  tin.  simultaneoueily  supply 
with  information  as  to  the  preasare  relations  in  the  ey&touit 
vessels.     The  iutracardiao  pressure  is  registered  by  ono 
the  maoomotefB  of  the  kymograph,  connected  with  a  oom^ 
paratively  wide  glass  tube  introduced  into  tho  correttpondinj 
ventricle.     The  glass  lobea  employed  for  liiiin  purpcae  are 
closed  at  the  cardiac  end  and  provided  with  n  lateral  aperture , 
they  should  be  Glled  with  a  06  per  cent,  solution  uf  commoi 
salt  and  introduced  into  tho  heart ;  tho  introduction  boini 
carried  Dnt>  on  the  right  side,  from  the  r.  jutjuL  ext.  fimlt 
and  on  tho  left,  from  left  auricular  appL>ndix,  which  ia  thei 
Beoored  by  a  ligature  round  tho  lobe,     llu'  tube  may 
most   oonveniontly  couiieuted    with    thu  manometer  of    th< 
kymograph,  after  tho  mothod  of  Goltx  and  G«uli\*  by  moai 
of  another   forked  one,  tho   two   limt>s  of  which   norvr 
manomctem.     One  limb  is  providpd  with  a  vnU-n  allowing  ih\ 
ascent,  but  not  tho  descent,  of  the  column  of  mercur},  ant 
Bct«  as  li   maximum-manometer,  while  ler  fvtnna  a 

manometer  of  thu  ordiimry  kind. 

•  Golti  and  UahIp,  'I'SOg.  AwK/  ivri,  ji.  loe. 
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The  animftl  being  tbns  prcpArod,  let  ns  begin  witb  tba 
pro'lDClioii  of  Mtrtuaiu  o/  (he.  ftulmtmary  arttrij,  reg-ulatiDg 
irs  severity  by  Ibo  ntiioiinC  of  twiKl  communicated  to  tbo 
ligataro'rod.  Now,  you  may  it)ci>>ase  the  twist  either  slowly 
oad  grftdunlly  but  continuoosly,  or  intermilt«ntly^  and  carry 
it  to  «uch  a  pitch  that  a  very  marked  constrictiou  of  the 
pulmonary  arti-ry  kevoiaeHappiiroiitiiot  only  to  the  exauiiaing 
iger,  but  to  the  naked  vyo — for  all  that,  you  cannot  detect 
tligKtrat  rhangv  m  the  femoral  curcv  or  in  the  manometer 
tn  Ihn  Ju'jutar ;  meau  pressure,  pulse,  and  respiratory  uodu- 
itious,  ever^'thing  remnins  exactly  as  before.  A  change 
'occnn  only  wheo  the  stenosis  is  oarriod  beyond  a  oortatn 
point.  The  arterial  pre^fure  than  undergoes  a  steep  and 
descent,  while  aL  the  same  timo  the  level  of  tho 
'Tpnons  manometor  rapidly  rises;  tho  femoral  curve  approaches 
to  within  lo — 15  mm.  of  the  abscissa,  tho  respiratory  unda- 
Utions  cease,  the  pulsaiioas  become  extremely  small,  their 
rhythm  considerably  retarded  and  quite  irregular ;  and,  if 
the  ligature  be  not  loosened,  life  ia  in  extreme  danger.  Aa 
•oon,  howpvoF,  nft  tho  ligature  is  nntwisted  and  the  passage 
tv~  I-;")'  ihe  pulmonary  artery  thus  opened  up,  the  arterial 
I  •curve    reascends    (its    puLoationa    succeediug    each 

other  at  firKt  slowly,  but  by  degrees  more  rapidly]  till  it,  as 
rale*  reaches,  and  for  a  short  time  maintains,  a  level  higher 
en  tluuj  the  original,  while  at  the  same  time  the  level  of 
Iho  loda-maDonicter  falls  almost  to  the  zero  point. 

Yoa  see,  the  last  part,  the  conclusion  of  this  experiment 
harmoniaes  perfectly  with  the  pericardial  one,  while  the  flrsb 
presents  a  completo  contrast.  For,  while  in  the  peri- 
oardial  experiment,  the  lowering  of  arterial,  and  the  elcvatioa 
of  renous,  pressurr  were  from  the  commencement  exactly  pro- 
portional to  the  increase  of  tension  in  the  sac,  stenosis  of  the 

f -'-' ^iry  has,  for  a  long  time,  no  influence  whatever  on  tho 

c  .  .')n  through  the  systemic  vessels.     An  examination 

ibe  intracardiac  curve  affords  an  explanation  of  this  striking 

ice.      The  moment  the  pulmonary  ligntare  ia  tightened 

nlightly,  you  ohaervc  an  immtdiaie  rise  of  iriiracardiaie 

tTK  on  the  riijht  aide;   and   tlio   more  tho  stenosis   is 

!,  the  higher  is  tho  aacpnt  of  tho  pressuro-cnrro  of 

igbt  heart.     This  is  expressed  most  elegantly  bj  the 
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corre  obtained  from  tbe  inaxiiiiTim-niaiiOTnet«r ;  evcrj  ttirn 
of  tbe  rod,  even  the  gentleal,  is  here  at  oncy  responded  to 
by  a  step  upwards.  The  manometer  of  ordioary  constrac 
tioQ  also  represents  tbis  appearance  quite  clearly.  Tnd(*rc 
it  reveals  another  interesting  phenomenon  not  obsorrablo 
the  maximam  curve,  namely,  an  extension  of  tbo  systott 
oxcnrsions  of  the  mercarial  column,  keeping  p*co  with  t.l 
gradually  incrensing  constriction.  True,  in  the  caso  of  tlie 
right  heart  this  ostcnsion  is  not  very  striking ;  yet,  wber 
the  narrowing  was  ^extreme,  I  have  somettmea  8L>en 
distance  between  tho  systolic  summit  and  the  diastolic 
depression  almost  doubled.  Tbo  rise  of  intracardiac  nieag 
pressure,  if  ono  may  uso  tho  expression,  or  tbo  maximum 
ralnes  attained  by  the  single  systoles,  is  still  more  consider- 
able ;  in  severe  narrowing  they  very  commonly  oxceed 
original  ronximnm  by  two  or  tbreo  times  its  ralae. 
intracardiac  pressure  reaches  its  greatest  elevation  at  tl 
moment  when  tho  arterial  cnrvo  rapidly  falls.  At  thi 
point  the  vontriole  makes  what  may  be  described  as  a  soric 
of  desperate  efforts,  marked  byJoogeronrsionscom'spondinj 
with  the  heart-beats,  which  are  now  slow  and  rapidly  beeot 
irregular.  TI)i<t  does  not  last  long,  it  is  trae  ;  for 
intracardiac  prossare  falls  after  a  very  short  time  whotht 
the  ligature  be  relaxed  or  not.  If  an  extreme  degree 
stenosis  bo  maiutained,  the  intervals  between  the  lieart-brat 
become  longer  and  longer,  and  the  curve  acquires  tho  cloii**C 
resemblance  to  the  last  part  of  the  curve  of  asphyxia.  If,  on 
the  other  band,  tbe  passage  through  tbe  pulmonary  be  freed, 
a  fall  of  pressure  in  tbe  right  heart  takes  place  ■pari 
with  a  rcasceut  of  the  Femoral  pressurt!  ,•  whereby 
systolio  excursions  continue  large  at  Brst,  but  quickly 
their  original  size  and  frequency. 

If,  instead  of  the  pulmonary,  the  aorta  aseendenB  V-  ''~^-| 
tured,  tho    courao  of    the    experiment   is   in    all  1| 

partienlors  the  same.      Here  also,  tbe   arterial  and  veooi: 
prossDres  ore  wont  to  remain  a  very  long  r'^ 
unehanged,  despite  tbe  steadily  increasing  < 
nortio  lumen,  till  at  last  tbo  sndden  and   steep  dei 
le  arterial   curve    and  tbe   mpi'?  ■■    *' 

ire  ensue.     Henceforward  tbi 
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in  n  atrai^hi  line,  nninternipted  bj  respiratory-  or  pulse- 
eierntions,  and  steadily  approaches  tlie  abscissa,  wLilo  the 
hvd\  of  the  venous  manometer  rises  slowljr  but  coatinaously. 
But  wliea  the  aortic  ligature  is  relaxed,  the  femoral  pres- 
sure instantlj  shoots  up^  almost  ulvrays  in  the  first  instance 
ftbovD  its  original  level,  which  it,  however,  reassnmea  after 
the  lapse  of  about  five  to  ten  seconds  ;  while  the  venous 
prossctre  is  restored  in  a  very  short  time  to  normal.  Never- 
tholeas,  as  compared  with  stenosis  of  the  pulmonary,  there  are 
acme  pecoliurJties  lu  the  detailei  which  are  worthy  of  being 
rworded.  In  the  first  place,  there  may  occasionalty  be  seen, 
eometimee  preceding,  sometimes  following,  the  abrupt  fall,  an 
equally  abrnpt  asoent  of  the  arterial  carve,  never  lasting 
long,  it  is  true,  but  very  soon  giving  placo  to  the  final 
deaoont  already  described — without  doubt  the  cHoot  of  acuto 
tiUBtaia  of  the  brain,  which  produces,  as  you  are  aware, 
intcnso  excitement  of  the  vaso-motor  centre.  Moreover,  in 
tlto  sorta  the  earliest  beginning  of  the  gradual  stenosis  docs 
Doi  manifest  itself,  as  was  the  case  iu  the  pulmonary,  by  an 
iDcTOUC  of  intracardiac  pressure ;  the  twist  given  to  the 
Ugatiir«-rod  must  be  somewhat  more  ample  before  the  heart 
react*  to  it — to  bo  explained,  I  think,  by  the  circumstance 
that  ft  slight  dimiuntion  of  iho  Inmcn  of  the  aorta  ia  of  no 
importance  when  compared  with  the  sum  of  the  rcsistancoa 
Doniuilly  oppoflod  to  the  emptying  of  the  left  ventricle.  But 
when  once  the  beart'a  action  Is  aSoctcd,  the  increase  in  intra- 
rnnliac  pressure  is  much  more  considerable,  not  only  absolutely 
but  relatively,  than  on  the  right  side  ;  so  that  1  hare  re- 
peatedly observed  an  ascent  of  maximum  pressure  to  four 
tamss  the  value  of  that  obtaining  with  a  free  aortic  channel. 
Of  Kurpaseing  interest,  however,  is  tbe  infiuencc  of  the  stenosis 
oi  Iho  aorta  on  the  character  of  the  individual  cardiac  con- 
InKtions,  and  thereby  on  the  arterial  pulse.  The  narrower  the 
Bortio  lamen  and  the  higher  tho  intracardiac  pressure.  Me  more- 
mmple  do  the  single  eontractuma  heeonWf  and  the  greater,  con- 
•oqiiDntly,  the  distance  between  tbo  systolic  summit  and  tho 
dtaotoiic  depression  of  each  pulsation.  At  first,  no  more  timo- 
is  consumed  by  these  enlarged  cardiac  contractions  than. 
fnnaerly  ;  but  when  tboy  exceed  certain  limits,  they  cannot 
I        bly  be  carried  out  unless  more  timo  bo  expended  on  tho- 
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fiingle  contractioDs ;  or,  in  othnr  words,  aa  UMn  aa  tk( 
titcnosis  liOA  attained  a  certain  pitcli,  tho  lieart-bcatn  become 
considerably  more  ample,  but  also  alatm-r,  leaa  frequent. 
cbnngo  of  thiii  kind  mast  natui-allj  have  its  effect  on 
arterial  curve,  and  it  may  in  fncl  be  observed  that,  after 
certain  amount  of  tvist  has  been  given  (o  tho  ligature,  tli4 
^gtolic  elevations  of  tlie  femoral  Itecome  fewer,  and,  t( 
€Dmpen£at«  for  tliis,  a  good  deal  larger  and  less  eteep  U 
tbetr  ascent;  there  »  iiii  ittfretjuunt  and  sluggUh^  but  mo»Ui 
elevated  puUt. 

Tbeso  experiments  need   no    further  elucidation.      Tbej 
verify  in  tho  most  convinciog*  way  conceivable  the  com.'* 
nesa  oE  tho  opinion  with  which  we  set  out  when  iustitulii 
them,  namely,   that   the  work   done  by   tho   hualthy    \u 
increasca  in  tho  same  mlio  aa  tho  dcmaudtt  upon  it.     ilut 
over,  no  complicated   mechanism  is  required   tu   effect  ibisj 
for  the  increaee  of  resistance  at  uucu  directly  excites  thu  hei 
to  more  powerful,  and  Lhercfuru  moru  uJTuctivD,  iiuntmcLiouii 
In  the  coao  of  the  left   ventricle,  it  ia   oouoeivablu  that  thi 
^iX'Hter  pressure  under  M'hich  thu  blood  enters  the  curuni 
artei-iea  in  oar  experiment,  may  have  a  shore  in  incrpoBini 
the  work  done   by   the   heart ;    yet  sinco   the  right  hi 
behaves  in  precisely  the  same  way  aa   the   loft,   this   ^t 
can  only  bo  of  subordinate   importance.     Not  till   now  wi 
it  possible  (or  you  to  perceive  how  perfect  the  inocbonii 
aro,  by  ineauH  of  which  the  physiological  heart  is  able  to 
accommodate  itself  lo  its  tasks.     Tlio  severity  of  the  stonosii 
may  be  )ucrea«ed  indolinitoly,  and  the  re»istauce  be  in  conn 
({ueuce  oaormouslyintonsifit-il ;  but  the  work  dune  by  the  heai 
keepD  pace  with  it,  ond  despite  the  stenosis,  the  fjuantity 
blood  ejected  at  each  systole  is  the   same  as   previously,  s< 
that   the  arterial  and   venous  pressures  arc  maiolainod 
their  normal  value.     And  so  completely  is  the  place  ul  iLl 
heart  as  the   servant  of  the  circulatiija   dependent   on  it 
working  in  this  "  most  advantageous  "  fashion,  that  when  Lh< 
resistance   iKicomes  so    consldemblo   that  the  oanliao   caul 
tractions  are  Uo  louder  cnfwblo  of  cumpU'tolv  overronuii?  it 
Ms  clrculalion  it  innlimtltf  nt  iiii  en't. 
where  the  blood-stream,  th'  •■■•'■  '■•*•  — •■■ 
rhoro   at    each  n 
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(]iittnlit>-  of  blood  into  tlic  arteries,  Ikougli  not  tha  former 
Dormnl  avcmgf  amount,  and  thus  mainlnins  (ho  nttonal  and 
rcnons  pressures  at  levels  lower  and  higher  respectively  than 
is  Bortnall^  the  cuo  ;  snch  an  intermedtata  state,  that  is 
to  wkj,  na  vo  became  acquainted  with  in  connection  with 
incraased  pericardial  tension,  doca  not  exist  here.  The  phyaio- 
logtcal  hcart'tDu<tolocau  incot^  the  demands  on  ita  work,  or  it 
cannot  moot  them  ;  in  the  formor  case,  wo  havo  a  regnlar 
pbjotological  circulation,  in  tho  latter,  dc-ath. 

Out  however  remarkable  this  feature  may  be,  for  us 
the  chief  interest  of  experimental  stenosis  lies  in  thecircum- 
ktaitcu  Lbat  it  affords  the  key  to  the  corapreheusion  of 
cardiac  pathology.  Kor  you  will  certainly  have  no  hesita- 
liOQ  ill  utilizing  the  experiences  gained  here,  nut  merely 
in  artificial  insuf&ciency  of  the  aorta,  but  also  in  tho 
ootuml  valvular  and  ether  lesioas  which  impoBo  on  the 
heart  an  abnormal  amount  of  work.  If,  in  tho  previously 
oormal  Eiortic  valves  of  iodividuaU  advanced,  in  li(t>,  or  in 
ytnmgor  individuals,  after  an  inilammatory  process  leading 
to  atlbeHiou  of  the  viilviilur  Begment«  has  run  its  course,  a 
par*!,  nnoanipltcated  aortic  Hteuosis  bo  developed  an  the 
rrsnlt  of  a  high  degrw  i»f  calcification' of  the  segments,  the 
coodition  produced  is  not  to  be  dintiugnished  in  any 
euu-ntial  particular  from  our  artilicial  narrowing  except  by 
it!  mach  more  gradnal  estAblishmeut,  its  chronio  character; 
this,  however,  is  a  circnmstJUicc,  which  certainly  cannot  be 
anything  but  serviceable  to  the  discharge  of  the  work  of 
the  henrt.  Yet  we  are  not  left  to  infer  from  experimental 
evidence  aluue  that  the  human  heart  reacts  to  the  patho- 
logical valvular  lesions  simply  by  increasing  the  work  done ; 
we  have,  in  addition,  an  iufatliblc  proof  of  this  in  the 
iaerrfuirtl  hulk,  the  hj^irrtrophtj  of  the  heart,  Or  of  that 
portion  of  its  musculature  at  least,  on  which  the  lesion  in 
qavsliou  throws  a  larger  amount  of  work.  You  all  know 
from  every-day  experieuce,  that  a  muscle  which  has  an 
-  ■'■T-unl  amount  of  work  to  accompUsh,  increases  in  bulk, 
-  ;Ji>d  it  can  master  this  work  without  rapidly  bfcomiog 
.i-Ticd.  *>n  tho  other  hand,  ercepi  work,  there  exists  no 
uuimiU  or  pathological  factor  which  is  capable  of  bringing 
abtmt  in  a  muscle  au  increase  of  bnlk  beyond  the  natnrol 
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limits  of  its  growth.  lu  particular,  neithsr  bypenomift,  no 
mattcrirbat  its  origiD — unless  it  be  a  fuQCtioaal  bj^nomta, 
ooe  i.  e.  with  which  a  strooger  excitatiuu  o£  tbe  mascolar. 
fibres  to  contraction  goea  baud  in  hand — nor  au  increan 
the  nntrition  of  tbe  organism  can  effect  tbiB.  Of  coorso  tl 
individuals^  in  whom  muscalar  hypertrophj  is  to  toko  plat 
XDQBt  be  Bufficienlljr  well  nourisbed,  in  order  that 
material  may  be  formed  and  built  up  ;  tu  very  reduoc< 
dcl>ilitated  and  ill-noarished  persouB  fatigue  o[  tbe  masc1( 
Bpooiolly  exerted  would  Bet  in  much  too  rapidly  to  allow  of 
tbu  accomplishment  of  tbe  larger  amount  of  work  for  any 
considerable  length  of  time  together.  The  absence  of 
hypertrophy  in  a  muscle  would  not  therefore  exolnde  tbe 
possibility  that  great  demanda  bad  been  mode  on  its 
pon-ers ;  but.  having  once  established  that  a  imo  hyper- 
trophy, 1.  e.  an  increase  in  the  number  and  thickness  of 
mnsoolar  fibres,  existej  you  may  conclude,  with  absolat 
certainty,  that  this  mutele  has  executed  for  a  canaicUrahl 
period  a  more  than  average  amoitnl  of  work.  This,  boi 
is  the  general  rule  in  all  tho  pnro  valvular  lesions,  Ac., 
when  uncomplicated  by  any  other  severe  diaeaae,  and  he 
good  on  eron  to  advanced  age. 

We  ahall  first  consider  in  this  aspect  the  various  U 
occasioning  an  inereata  of  re*i»tanee.     In  #y«rWiui  yrricardit 
the  entire  heart,  the  right  as  well  as  the  left  side,  must 
moro  work^  since  it  has  to  overcome  by  its  cootraction 
additional  reKistauce  presented  by  tbo  extornal  adhosiona  \ 
in  fact,  there  is  found,  as  a  rule,  a  hypertrophy  of  the 
whole  organ.       Not  so  in   narrowing   of  the   cardiac  oi 
In  ateuosiit   of  tbe   arterial  orifices^   the   ventricles  hy| 
trophy,  fitenosis  of  tho  pulmonary  artery  being  accom| 
by  an    increase  iu    bulk    of    the   right    ventricle,    Btenoai 
of  the  aorta  by  a  similar  iucrea&o  of  the  left.     Should 
right    aoriculo-ventricalur     oriBce    become    narrowed, 
right  auricle  hypertrophies  ;  if  the  loft  auricato-Teniricnlar' 
ostium   bo  similarly  affected,  not  only  doL>a  tbe  left  auric 
hypertrophy,   but,   for  reasons  previously   given,  the  rigt 
ventricle  aUo.      Tbe  h^periropby   tokcs   place,  you  aoOf  i 
precisely  those  portions  of   tbo  heart,  whose  evaeuatiou 
opposed  by  the  abnormal  resistance,  and  upon  which  codbo- 
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({ttonlly  the  laboar  of  oTercotning  thU  BbDomml  rcAietaDctj 
la  liddition  to  tho  nonnnl  one  is  tlirowD.  Tliu  behaviour 
oE  the  bcart  ia  qui  to  similar  iu  valvular  iutnt^eienctj, 
whero  the  increased  deuiaud  on  its  work  is  occasioned  by 
an  addition  to  the  quantity  of  blood  to  be  set  iu  uiotion 
by  the  contractioa  of  one  or  more  of  its  divisions^  the 
resistance  continuing  ss  before.  The  bypertropby  is  fonnd 
in  the  walls  of  lhi>se  caritias,  which  are  engnged  in  the 
propalsion  of  the  iucrensed  qnantity  of  blood ;  in  aortic 
insnfficicncy,  in  the  left  ventricle;  in.  pulmonary  insaffi- 
eieooy,  in  the  riglit  ventricle;  in  insnfficiency  of  the  tri- 
ipid,  in  tho  right  auricle;  and,  lastly,  in  insufficiency  of 
ke  mitral,  in  the  left  auricle  and  ventricle,  and,  on  account 
tho  increased  resistance  to  the  pulmonary  circulation,  in 
lie  right  ventricle  as  well.  Yet  au  additional  circumstauc^ 
ipervenee  to  complicate  the  case  of  insufficiency.  Tho 
[Sllttig  of  a  chamber  of  tlio  heart  witli  a  larger  quantity  of 
)lood  can  plainly  be  effected  only  by  an  unusual  stretching 
its  walls  and  dilatation  of  its  cavity  in  diastole  ;  whereby  it- 
qaite  ioinjaterial  whether  the  cause  of  the  over* fulness  be, 
in  imtalioD  of  tho  vagus,  a  leugthouiug  of  the  interval 
between  two  following  systoles,  or,  as  in  valvular  insuffi- 
ciency, the  additioa  to  tho  normal  stream  of  one  proceeding 
in  a  false  direction.  But  where  such  immoderate  distension 
ocouTS  repeatedly,  it  becomes  to  a  certain  extent  stationary, 
u  is  the  case  with  all  cavities  enclosed  by  tlexiblu  walls,  for 
example,  the  urinary  bladder  and  the  stomocb.  Now,  that  ik 
eardiao  cavity  should  be  more  than  usually  dilated  during 
diastole  is  not  in  itself  pnthological  or  disadvantageous  to 
t^  circulation  ;  for  since  tho  quantity  of  blood  entering 
lfa«  organ  varies  in  accordance  with  the  state  of  the 
organism,  it  is  no  more  possible  to  iKy  down  an  absolutely 
lorni&t  standard  for  the  dimensions  of  a  cavity  of  the  heart 
lan  it  is  for  the  work  done  by  the  heart-muscle.  When 
)L>  pulse  of  on  individual  affected  with  ordinary  cnturrhsl 
indice  falls  in  frequency  to  about  fifty  per  minute,  tho 
il  pressure  romaioing  quite  normal,  the  heart  must,  for 
iks  together,  undergo  an  amount  of  distension  during 
bastole  very  cousiderably  greater  than  before  tho  icterus  set 
and  yet  it  will  occar  to  uo  one  to  speak  of  a  morbid. 
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dil&tatton  of  the  cardiac  cavities  hero.     A  dilatation  becomes 
pathological,  only  when  tbo  syatoliu  uuulmction  is  no  lotigur 
capable  of  so   reducin(j   the   dimensions   of   the    cavity   in 
question    that  the   portion   remaining  unomptieil   shall   nt 
exceed  tho  normal  limits  ; — and  this  qanntity,   it   may  ht 
uddt'd,  is  mucli  Ii'^'^s  in    the  veutriclus  than   in  the  anrioles* 
Whero  tho  hcurt-moftclo  is  in  other  rcspcotfi  intact,  urmy- 
thing  depends  mi  the  rthWum  of  Ihu  nxe  of  the  varity  to  tb( 
transvorso  section  of  the  uu^cular  fibres  cncloHiug  it,  i.  c.  tt 
the  ihifkrteSM  of  the  malt ;  thoso  dimensions  of  the  cavitj 
which  arc   pbyeiological    for  a  thiok-wollod  ventricle,  ma] 
be  pathological  Trhcn  tho  ventricular  wall  is  thinner.      Bali 
howerer  tmo  this  is,  the  iact  romoiua  that,  in  tho  ranoni 
valvular  inKiifHciencics,  tho  contiutiod  excessive  orcr-filliDj 
K'ads  to  Ihf  tUriltfjimi'nt.  of  it   ftrnnauvnf-   iliUtfolioii    of  tht 
rorrrvponding  cavily  ;   and   we  stated   only   a  moment 
which    cavitieR  will    he    affucted.        In    this  fuct  is    to    bn 
Kought  the  oxplanation  of  tlio  difference  Kubsiatiug  betwoua-l 
the  enlargements  of    the    heart    in    paro    Ktouoitij)    and    in 
valvular  insufficiency  ;  fur,  while  in  the  Former  the  liy|wr-j 
trophy  is  Biinple,  in  the  laltcr  it  is  uecouipbnietl  by  dilalaliui 
and  constitutes  what  is  known  as  cxeenirie  hyjicrirofph^. 

While  then  the  simple  and  esceiitric  liy[>ertrojdjie«  ni 
nothing  but  tho  result  of  the  continuoUB  pcrforoiauoo  of  ao.' 
uxaissive  amount  of  work  by  tho  correitpoudiug  divisioua  of 
the  heart,  their  full  signilicanco  will  be  apparent  froi 
the  fact  that  they  alono  Tmih-  it  jtoatihlr  fur  Ihf  htarl 
ronlinuo  la  mr^l  the  ilemamh  npon.  it.  Our  cxperimonl 
showed  ns  that  tho  dog's  heart  ii  each  moment  in  a  position, 
despite  a  very  considerable  increase  of  rchistanec,  to  ojcoi 
at  it8  systulo  into  tho  artorien  tbo  quantity  of  blood  rcquii 
to  maintain  tho  high  arterial  preshure.  nndoubtedly 
huroaii  heart  would  also  be  capable  of  tbis;  und  cvcrj 
arduons  monn tain-ascent  or  othor  forced  muscular  exertioi 
IcachcK  tlinl  otir  heart  is  easily  ablo  to  considcrn^  '  "oittr 

its    onlinary    performauee.        But    the     mounlii  :  '-    is. 

suoeeoded  aft«r  a  mlatJvely   short  interval    fay  a   period 
re«t,  of  recovery,  nnt  merely  fiir  tbo   vcliintnry  itiu»"  " 
tiliio  for  thr>  hi'ttrt;   the  pathological  steuiMis  is,  on  tli 
baud,  a  ponnanvut  condition,   wfaicli  mukM  UDintvrropt 
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abaonuAllj  larg'p  demands  ou  the  working   puvors   of 
bi;  uiyuu  ;  aud  the  lattc-r  c-frCaJiil,v  cannot,  auy  niori'  tliHii 
bv    Other    musclos    o[    tliu    Luiuau    L>ody,   kuhUiii    witlumt 
10   the  contiuuouB  cieculiou  of  a  tiiaxininm  uuiount  of 
irk.      KxliHustidD  ui  ]ii'evt'uii'tl  by  the  liyjierlmphy   cf   the 
^uwle  in  qiie»lu)ii.      For  kIuc-u  the  tucc-hunicul   {rertormiLDCo 
itUitnff  fnim  a  mufictilar  coutracliou  iiicreoses  with  the 
■i-wction  of  Ihii  muscle,  it  is  [xiHsilih-  for  h  hyjH'Hnipliieil 
jart  tti  I'sccutt'  contiDuoiisIi,'  the   Kamo,  or  even  Dii-rc  work, 
than  a  heart  uf  Tiormal  tliicknetw  can  accoin|jiiKb  for  a  hriof 
jritwi    I»y  its  niaxiirml  contractinu.     In    what   maimer   the 
vruiiLnciiC    nu^TtioDtut-ion  of    the    mechunical    performance 
the  heart>,  rendcrcKd  possible  by  it.s  hypertrophy,  necnres 
ic  miiinlenance  of  nn  pssentinlly  normal   circulation — i.  e. 
such   an  one  as  best  serves  the  iiC'cds  of  tho  eeononiy^in 
}C«)    uf    the  oft<mentioDed    valvulnr    leMoim,    u-ill    bo 
t-rvAdily  ondcvatood  on  a  brief  survey  of  the  individual 

In  total  0}-ncchia  of  the  pericardium,  it  is  tlie  re^iHtance 

fercd  by   the  ribs,  diaphrafpn,  &c,,  that  constitntes  the 

latimial  impediment  to  bo  mot  by  tho  systole;  the  hyper- 

licd    muHcIf    overcomea    tbiti    rpeiistaDce,  and    there    ia 

tlill     wufficietit    enerpj-    remaiuinK    f<""    *'•*'    ojecti'in    ioto 

tc   nrlenca  u£   the  vuDtents   uf    the  ventricle.       With    no 

rendinCBs   does   the   hypertntphied    ventricle  overcome 

jnonual  n•^itttanc«  presented  by  KtenuxiK  i>f  ini  arterial 

For  the  more  poirerfui  niiiKcIo  is  capable  of  forcing 

Uie    Mime   time    through    a    8malt    o|H-uing'   aa   large   a 

mtity  of  blood  aa   can    a  weaker  ihnnigh  a  wide  one ; 

id  tdncv  a  greater  velocity  will  be  imparted  to  each  particle 

blood  by  thu  contraction  of  the  thick  inuKide,  the  normal 

laotity  of  blood   n-achus,   aa   the  caae    may  be,   either    tho 

through    the    atcnoaed  aortic  orifice,   when   the   loft 

ktricle   has    undergone    hypertrophy,    or    the    pulnimiary 

?rieH  through  tho  Btcnoseil  pnlmonary  oritiw,  by  nieanw  of 

It    by  pert  ixip  hied    right    ventricle.      Htenctnis  of   tho    right 

iricnlo-rcntricnlar  OBtium,  which  ia  mostly  insignificant,  can 

tiRttted  at  least  partially  by  the  hypertrophy  of  the 

,..;  ii;le  ;  while  in  tLi*  uiuch  more  importaot  and  wvere 

lilt  nl  the  left  auriculo'ventrtcular  orifice,  the  obstacle 
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is  met  not  merely  by  the  liypertropliy  of  the  left  auricle  bnl 
alKivo  all  b}'  au  increaso  in  tbc  Tolumc  of  the  right  heart. 
Cardiac  h}'])or trophy  Las  a  prccisi?ly  similar  regulatirc  actioa, 
wheii   aBEociatfid   with   ia&ufficicnoy.      Since,   namely,    thi 
bypertn>phiod    ventricle    throws   into    the    artery    At    coc 
syetole  au  amount  of  blood  equal  to  the  normal  stream  cuter-' 
ing  from  the  auricle  pitta  the  reflax  from  the  artery,  thui 
latter  quantity  may   be  indofiuitely  increased,  and  yet   tha 
eauio   blood -quantum    reaehca    tbc  artcncs  in  the   tnccrral 
botwooD  the  commencements  of  two  succeeding  Rystolea  ma 
where  the  valvular  segments  are  enable   nf  closaro.      1 
insufficiency  of  the  tricuspidj  asaistanoo  ie  up  to  a  cortoi 
point  affordod  by  the  hypertrophy  of  the  right  aoriclo.     In 
thu>  so  commonly  occurring  insufficiency  of  the  mitral,  the: 
is,  in  addition  to  tbo  hypertrophy  of  the  left  anriclo,  n  simi' 
condition  of  the  right  heart.     Tho  hypertrophicd  right  Ten 
triclo  then  communicates  such  an  impulse  to  the  circalntina 
through  the  lungs  that  there  flows  from  the  ]>ulmonary  veins 
into  the  anriclc,  and  thence  into  tho  Tcntricio  during  each 
diastole,  an  amount  of  bloo<l  equivalent  to  tlio  quHntity  which 
iu  normal  fa«bioQ  is  ejected  into  the  aorta  jWu«  that  regur^- 
tating  in  a  defective   manner   into   the  left  auricle   dtirin 
syatole.     The  discharge  of  thiB  abnonn«lly   large  quantity' 
into  the  aorta  at  the  next   systole  is  pi-Kvided  for  by 
hypertrophy  of  tho  loft  Tcntricle. 

The  mnintonanco  of  an  ab<M>lnte1y  typiLal  circulation,  tide! 
as  exists  where  the  heart  is  healthy,  is,  it  is  true,  more  th 
the  hypertrophy  can  always  effect  in  presence  of  these  losiuns 
deviations  from  the  normal  remain,  which  are  nut  to 
set  aside  ercn  by  the  most  perfect  compensation.  Mm 
are  indeed  occasioned  by  tbo  fMnDpeiuattiry  hypertropby 
itself.  This  nppHes  eapecially  to  the  peculiar  i-oui]ition 
the  pulse,  charncteristic  uf  some  of  these  cardmc  Icedous.  I 
severe  aortic  slenogu,  as  we  were  able  to  drterminn  in 
experiment,  the  cardinc  ■jyular-rate  is  retfiTdcd,  and  ihv  sing! 
pulsations  sluggish;  and  although  the  normal  ti-usicm  of 
arteries  prvrcs  thnt  there  is  no  diminution  iu  the  quuuiitr 
blood  thrown  into  the  aorta  nt  each  systole,  yet  in  t' 
of  valTDlar  disoaso  tho  puUe-wave,  especially  in  il. 
periphemi  arteries,  remains  tov^  becanse,  during  tbo 
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time  occapiod  by  tho  systole,  a  compamtivoly  largo 
'WDoant  of  blood  cau  6ow  oR  into  the  capillarioa.  Tho 
»hav)onr  of  the  arterial  pulse  in  aortic  insuffidatcif  is  utill 
are  characteristic.  For  since  a.  larger  qaantity  of  blood 
lYian  nonufll  1%  here  ejected  into  the  aorta  at  each  aystole, 
tho  HVntolic  di»^tou»iioii  of  the  arteries  muitt  sUo  be  abnormally 
great ;  on  the  other  hand,  the  reflux  during  the  next  diastole 
of  i>  certain  amount  of  blood  fmm  the  aorta  into  the  heart 
ttist  bo  attended  by  a  more  or  k-ss  considerable  exaggeraliou 
the  diastolic  recoil  uf  the  arterial  walls  ;  t.  e.  the  di^irreace 
twcen  the  cretit  and  ihe  depre^fttion  of  Ihv  wave  is  increased. 
over- stretched  arterial  wall  recedes  with  remarkable 
rapidity  and  to  a  aurprising  extent ;  the  puhic  becomes  jerky, 
|ihcnomuiiik  whichj  as  might  be  anticipatcil,  are  more 
inountrd  the  greater  the  excentric  hypertrophy  of  the 
nntnclo.  Bat  a  ettll  more  interesting  anomaly  of  the 
llation  is  sometimes  observed  in  aortic  insuflRcienry, 
sly,  a  rhythinical  pulsating  flow  into  and  through  the 
ipillariuis  a  genuine  rapiltary  puise.  That  the  rhythmical 
jration  of  the  blmid-stream  does  not  normally  pro- 
bryond  the  small  arteries,  but  gives  place  in  the 
capillariofi  to  a  uniform  flow,  is  chiefly  duo,  as  yon  are  aware, 
ta  the  elasticity  of  the  arteries  and  to  their  resistance. 
Sinee,  owing  to  the  latter,  a  constantly  increasing  portion  of 
the  tension  is  gradually  consumed  on  the  road  from  the  hcort 
the  capilhiries,  the  variation  of  pressure  produced  by  the 
mtrietilar  systole  is  incapable  of  exerciising  an  influence  on 
blood-stream  in  tUe  temunal  portions  of  the  small 
iea,  especially  when  the  cardiac  contractions  follow 
other  rapidly,  as  is  normally  the  case.  The  resistance 
tho  arteries  remaining  as  before,  this  condition  may  be 
llered  if,  as  in  aortic  insuflicieucy,  the  sy^itolic  elevation  of 
ire  be  specially  great.  In  circumstances,  particularly, 
^hate  the  cardiac  pulae-ratc  is  from  any  cause  retarded^  the 
Tbythmical,  jerky  flow  may  extend  as  far  as  the  capillaries 
ind  the  commencement  of  tho  veins.  This  occurrence  will 
ridvntly  be  favoured  by  a  relatively  luw  tension  of  the 
and   hy   a  -  'ty   of  the 

n-allfi,  which  i      .:  ..^.  .i.  im-Msant 

tcessive  dUteusioa  by  the  pulfie-wav^.     Tlh  iaatly, 
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be  mentioned  s  third  phcaomeoon,  of  the  mtuni  of  a  poWj 
not  nccurrinff  in  cimnectiou  willi  tho  arU*rio«,  but  prtn.  .  r 
■A  a  petropraJe  wftvc  from  the  heart  alunff  iho  vcii 
coDHtit tiling  thd  truo  renoua  puUe.  It  arises  in  organic  oi 
in  relative  iTUuJtcicturij  of  the  lrieti»pid,  nlwi  in  insnni 
of  the  mitral  when  the  auricles  communicnte  by  a 
patent  foramfn  ovale,  and  travehi  barkwnrds  threagh  tho] 
veins,  till  the  wave  is  (itopped  by  the  cloraro  of  their  vnlvr-A  ;] 
i.e.  it  may  1>e  seen  in  vaU-eleHs  veitui  and  in  tbo^M^  M-hi>Kf| 
vaWeft  have  become  inKu(!icient,  a  condition  only  too  often  mt 
with  when  these  veasels  are  nhiiormally  dihited.  fn  coiitra-l 
distinction  to  the  preay«l<^lic  venous  puUt-  formerly  deHorilK*«l  I 
(p.  27),  we  have  here  a  wave  of  greater  vital  energrJ 
which  way  readily  be  detected  at  each  ivn/nVrdar  tyatoU 
the  linger  placed  011  tht'  iiilerual  jugnlar  vein.  Simnll 
neously  with  it,  a  pulsatory  elevation  of  tbo  liver  may  aa 
rule  bo  clearly  disliuguifibed. 

Tho  abnormal  pheuomona  displayed   by  the  pnlso  aro  ol 
leas   imi>ortdnLH!    to   the   well-being   of    the    organism    tliani 
are  sumo   other    disturlmiiccs   of   tho   mechanin'm   of   circu< 
lation,  more  or  less  conKtnritly  observed  in  cvininvlion  irithj 
some  of  the  oft-mentioned  cardiac  leRinnn.      i   have  not  nf 
in  mind  tlioHo  general  dfran^cmcnt.H  i>f  the  circiilntinn  whirh 
are  wont  u\  appear  so  regularly  and   sn  rapidly  in  the  train 
of  affectionii  of  the  right  aurioulo-ventricnlar  orifice ;  for  thoj 
■want  of  ability  on  tho  part  of  the  right  aoriclo  tfl  do  more 
than  partially  effect  tho  compenNition  of  these  leciooH  by  itM 
hypertrophy  affords  such  a  simple  explanation  of  the   faetoj 
that  wo  are  jii«ti6ed  in  dixpenNing  with  their  further  d>«eu»-1 
stun   here.     But  even   where  the  di>ipa«o  nf    ihi'    vnlvrs  Uj 
compensated  att    fully  as  pontcible,   certain    anomalies   tn$.y\ 
porsist  in  one  or  ntlier  division  of  the  vasculwr  av^teni.      Nwp) 
are  these  irregularities  by  any  mi*nnB  uuiniportaur.      To  Itegin  ] 
with,  there  i*  the  over-filliug  of  tlie  puhionary  p»iTu7«/(e»  I'nj 
»rf^no«M  of  thr  irft   nuricvlo-rrntrintlar  vifirt'  :    for  itltlu 
ihv  hypertrophy  of  the  right  Iicart  may  after  a  timo 
that  A  ttnfiieient  quantity  of  blood  fhall  Iw  directed  throagh] 
thr  narrowed  oMium  inlo  the  left  reutriclo.  t' 
i>f   the    pulraniiary    circulation,    1. ".    the    a\ 
pressure  nmler  which  the  blood  loubt  duw  thi 
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win  not  U-  remedied  tboroby.  Tbe  pulmonary  vcssoIkj 
rapeoially  tln^  thiii-waltod  capillarit-s,  buoome  stretched  and 
permanently  dilaii'd — u  L-)iniigo  wiiiub  will  take  ploco  more 
mdilf  in  tbo  langn  iban  ulsowhcre,  sinoe  the  capillary  net- 
work i»,  of  courwe,  fri'o  towardn  tho  alveoli,  and  in  any  cawt 
rcvc>ivu8  ]i<i  rtupjitirl  fruiu  tbu  surrounding  tissue.  Bat  tbo 
waifai  uf  tbu  lur^'r  vvshoIk,  arteries  us  well  as  vcinti,  very 
commuuly  suffi-r  under  tbo  abnormal  preRsuro  to  which  they 
■re  ronsUiiitly  oxpoHod  ;  ihirkcning  w\(i  sclerotic  rondUtoun 
appear  in  the  tnftnui,  as  well  as  fatty  degeneration  of  the 
eadofcfapliuTii  and  ronnoctirD-tiK.tiie  substanoo,  nnd  lastly,  fatty 
degencraUuii  of  tho  muscularis.  Furthermore,  the  vcntnculai- 
hypf^rtrnphy  not  uncommonly  leads  to  chanf^es  in  the  heart 
itself ;  fur,  under  tho  intinonco  of  tho  abnormally  high 
internal  pn'ssiire,  presgure-srUrom's  and  alTophx/  of  the  rub- 
mdocardiiil  tinyer  of  mtttcle,  iu  particular  of  tbe  musculi 
jMpiUareji,  nmy  iirt*o  heri?.  This  condition  is  most  frequently 
lrt)(wrvc<l  iti  excenlrie  liypcrlrophy  of  tbe  left  ventricle.  1 
haro  already  dwelt  on  the  effect  which  the  peculiar  character 
uf  th«  flow  in  aortic  inf*ufnciency  mnsi  exercise  on  tbe  elas- 
ticity of  tbe  sjtitemic  arteriett  iu  those  cases  precisely  whero 
tho  IvMon  in  fully  compensated  ;  tbe  elantiriitj  of  their  watln 
iff  diminished,  and  tbe  result  verj'  often  is  a  dilalatton  of  theao 
Tvneb,  especially  of  the  arch  of  the  aorta,  combined  aa  a 
mlo  with  Hclerolic  changes  in  tbe  vessel-walls.  Lastly,  it  ih 
Tory  olivinns  that  the  powerful  variations  of  pressure  in 
anrtic  insuQiciency  ciinnot  long*  continue  lo  fau  a  mattor  of 
iodtffereDce  to  the  bloMl-stroam  tfarongh  tho  vascalar  area 
find  oxfMJsed  to  tfieni,  namely,  tho  coronary  arteries  ;  yet  we 
are  still  mnoh  too  ignorant  of  the  characters  of  the  coronary 
lilDod-Ktrciun  to  dofino  inoro  precisely  the  influence  of  thoBo 
vaziatiouH  upon  it. 

Tho  nTiumalios  not  rondaciTC  to  the  advantngo  of  tbo  cir- 
cnlation,  remaining  over  after  tho  fullest  compensation,  are 
wtfficicnti}'  nniiif  mn«,  as  you  we.  Neverthrlf »»  the  essential 
factfir*  nn  wUirb  tho  regularity  of  tho  circulation  depeiidit 
ar«  K>  well  mnintMncd  that  wb  are  undoubtedly  jusiilied  in 
'  '    '  '  '  I '     ,.  rompennation  of  th'^M  tvih'utar  Irxiotif. 

^I    ppossnce    is    kept    at    a    normal 
•levultou,  the  v  ;t«  is  minimal,  and  tho  rosalb  ia 
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ih&i  the  Telocity  o£  tbe  blood-stream  remaios  precisely  Eli 
sumt!  as  in   Iiealtby  iu(ltvi(]ua.1s ;   so   that  if,  as  is  of  cou 
aB8iini(M],  tliere  he   uo  agcucy  at  work  wliich  ia  capable  o 
iuflutuictng  tlio   constitation  and  circulation  of  tbe  blood  i 
a,  morbid  direction,   it    is    impossible   to   see  why   all   th 
-organfi   of   tlio    body    should   not   perfoiin   their    fnnetiui: 
piYipcrly.       And  yet,   hoivcvor    tmo   all   this  may   bo,  y< 
will  not   deludo  yourselves  into  suppot^iiif^  that  indiTidaal 
with  a   well-coin peaiiatcd  cardiac  lesion  occupy  a  situatioi 
at  all  comparable   to   that   of   persons  whoso  hcarl.  is  por 
fecily  healthy.     Wo  found  tho  criterion  of  a  healthy  hi 
to  conaiat  in  an  ability  to   aceommodnto   itsolf   with  oqa 
perfection  to  moderate  and  to  targe  dcmnnda  upon  it ;  so  that 
when  an  especially  hi||*h  claim  is  made  ou  the  orj^n  from 
any  side,  say  the  voluntary*  masclec,  this  is  not  rejected  bui 
met;  and  existence  is  thua  phynolngically  mnintaineil^  till, 
the  cessation  of  these  abnormally  high  demauda,  the  worlc  to' 
be  performod  by  the  heart  is  again  Iho  customary*  amount. 
Now  the  ralvalnr  lesions  in  some  mcaanro  make  aucli  ab: 
mally  high  demands  on  the  heart,  not,  hnwcvor,  for  a  time 
but  permanently  ;  and  it  is  the  office  of  the  hypertrophy 
8«cure   tliat  these  shall  be  continually  satisfied.     But  m 
more  is  thereby  guaranteed.     The  uninterrupted  call  mudo 
by  the  valvular  le^^ions  \»  so  great  that  the  entire  lauKrular 
power  of  the  heart  is  neces»ary  for  its  satisfaction  ;  ahould 
froHlt  demand  1w  added,  the  organ  is  powerless  to  meet  it 
Under  ordinary,  averagf^  couditions  of  life,  with  the  b<«ljr  at| 
rest,  a  moderate  indulgence  iu  food,  &o.,  tho  hypertrophy 
enables  tho  heart  to  maintain  a  regular  cirenlatirm,  despit*» 
the  preseuce  of  tho  valvular  le&iou  ;  but  the  working  capacity 
•oE  the  organ  is  unequal  to  severe  physical  exertion  or  to 
other  kind  of  inci-eased  call  upon  it.     Accordingly  tho  cou 
4itii>n  of  persons  with  a  ihnroughly  unniiicnsniod  valvular 
lesion  is  procisoly  similar  to  that  of  tho  indiWduala  previously 
4eficribctl,  rrhostt  hc&rt  (although  its  ouergj'  is  dim     "  '     1  »» 
compared  to  the  normal  atandard)  suffices  for  the  ii  .  itco 

of  A  regular  circQlatioti  under  ordinary  conditions,  bnl  » 
match  for  immoderate  p^      '    '    .'^crtiun.     A  step  further,  and' 
we  Imvt*  the  caw   of   th  ■  ■•*  henrtji  arc  unable  to  m<'<'t. 

cvDQ  the  demands  of  ordinary  life.    Bat  before  entering  on  the 
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diMiiusion  of  the  stato  of  tho  circalation  with  tho  hea.rt  in 
this  condition,  it  may  perhaps  be  advisable  to  take  into  con- 
aideration  another  group  of  cardiac  lesious  irhich,  it  is  true, 
present  the  utmost  contrast  to  tho  valvular  diseases  just 
described  a^  regards  the  hiHtory  of  their  origin,  yet  with 
reflpoct  to  their  pathulog-y  have  many  points  in  comingn  with 
tb««e  levioos, — I  mean  the  idiopathic  cardiac  hjfpertrophies. 

Such  a  designation,  I  iiut-d  hardly  say,  would  be  absolately 
ttBRCteutific,  were  it  really  intended  to  express  that  in  theu) 
CAMS  tho  heart  has  increased  ita  velume  indepcndentlf  of 
Mme  cause,  in  a  meaHure  tipoutuDeout>ly.  For,  since  there 
ih  not,  up  to  the  present,  the  least  ground  for  believing  that 
any  condition  occnrs  in  the  heart,  comparable  to  the  hypor- 
cpophy  (Kipscnwuchs)  of  an  entire  extremity,  wo  adhere  to 
the  view  that  this  orgnn,  like  every  other  muscle  in  the 
body,  inereascM  through  work  alone;  and  having  determined 
the  Piistence  of  hypertrophy  in  an  indiWdnal,  wo  nhall  have 
to  direct  our  efforts  eicluaively  to  tho  discovery  of  tho  cause 
vhcrvby  the  heart  has  been  excited  to  onueual  exertion.  We 
have  juHt  discusttcd  a  f^roup  of  cardiac  enlargcmenta  of  easy 
•olulion — that  depeniling  on  valvular  lesions,  &c. ;  we  shall 
rery  shortly  become  acquainted  with  a  second  group,  lik»- 
wtiio  extensive  and  considerable,  which  is  referable  to 
di»ea»es  of  the  rascular  system,  whether  of  the  greater  or 
letter  circulation,  that  give  riae  to  iocreaae  of  resistance. 
NoDe  of  the  hypertrophies  so  originating  would,  now-a-days, 
ba  nlMHied  by  anyone  with  tho  idiopathic,  tn  which  group 
many  of  Lhem  were  formerly  unhesitatingly  placed,  at  a  time 
when  their  true  causal  relatioufihip  was  as  yet  unrecognised. 
But  there  remains  over  and  above  these  a  nombor  of  cardiac 
enlar^gemenis,  iu  which  the  most  painstaking  ftcrnitny  of  the 
entire  body  faiU  t<.i  disclose  any  auatomically  demonstrablu 
c«ajo ;  for  such  cascH  the  name  "idiopathic  cardiac  enUrgi- 
Mffsi  "  is  still  in  use,  and  may  l)e  retained  with  a  eonscioDN 
limitiition  tn  dc^'ignate  the  absence  of  any  ob^tcnrablo  ana- 
tomical i^aase.  The  occurrence  of,  so  to  speak,  functionally 
conditioned  cardiac  hypertrophies,  cannot  in  tho  least  excite 
our  surprise,  since  we  have  repeatedly  and  emphatically 
pninted  out  how,  by  reason  simply  of  the  varying  activity 
of  the  various    bodily  functions,    the  work  thrown    upon 
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the   heart    !b    «o  un<>qiinl.       Wo    nuiy    nay   ttuit    w1int«vi^r 
Tsiwa  the  arterial  preystire  or  iucreaseji  tho  c|niint!ly  of  )<Unm1| 
ODtcring  the  lienrt  during  cliantole  itdilN   0>  thy  ni:igi)itutli<  M 
tho  task  to  be  accomplished    by  tho    faeart-inuBOla  at 
Bjrstolo.     And    both    tbe«o    itointa    wilt    be    our    U-/'  ' 
guides   in    iiiveMtigntini:^   whether  n   lasting    nnd   n)< 
inflaeoce  is  excrtiMl  od  the  heart  by  aoy  kiud   of  fuuciiotwl 
agencies. 

In  this  respect,  ns  has  been  repeatedly  dwelt  on,  mt 
exertion  Btajids  pre-ominent.     For  sinco  ovory  oonsidfraldii 
muscular  effort  <:]tll>H^M  an  nuf^entatiou  oF  tho  work  ul  iht 
hcartf  the  coDeluHon   is  obvious  thiii  tho  beort-mascle  will 
husreoBe  in  volumo  on   Frequont   ropRtitinn  of  Kuch  efforU, 
just  as  do  tho  voloutary  museleH.      Tnie,  the  matttT  is   not 
»o  shnplo    hero  as  whore   n.  valvnhir  lesir.n   ciisi.H.     AfWi 
perforating  the  aorfio  valrcH  in  a  rabbit  or  doff,  tho  aiiimal 
acquires,  in  tho  course  of  a  fi*w  weeks,  nn  eicentrio  hyp*T-l 
trophy  of  the  left  ventricle,  pnrcisely  as  docs  the  hanumj 
hoingwith  aortic  imtufBciency;  for  obvious  nmaona,  Uuh  kind] 
of   proof  must,  in    the  present  cane,  Iw   dispensed   withJ 
NevcrtheleaA,    tho    evidences    for    such    a   couiiectiou    havo 
become  NO  numerous,  more  (wpecinlly  during  tlio  loflt  doeadr, 
dine*?  special  attention   was  directed   to    theiw    relntinnwhipK, , 
that  doubt  nppi'ars  no  longer  admissible.     Tho  iudividuabtl 
in  question  arc  alraosb  alwBys  engaged  in  arduous  callings,  j 
involviDg  tho  daily  employment  nf  excesxire  muscular  efforts, 
such   ns  smiths  and   locksmiths,  sailors   aud  porters,  wiue-l 
growers,  &o. ;  in  such  persons  tbrro  aro  gradually  establiiihnd 
tho  unmistakable  signs  of  a  cardiac  li^r'perLrophy  without  thr 
prc-ocourrcnce  of  valvular  or  of  poricwrdial  disense  of  rhtni-| 
matic  or  other  cbaractor.     For  iIh  ratAblitthmeut  a  Ycr^'  long! 
period,  it  may  bv  several  yearw.  in,  n>*  a  ruU-.  rcqiiinNl;  yetf 
the    ciii^eH  <x»mmunicnted    by   Friiritxel*   and  othem,   whci 
byprrtrophy  of   the  heart  has  developed   in  suldient  aft 
frequently  rep*«l4'd  forced  morrlicH,  xliow  that  umliT  ci'ilaini 
circumstances  a  short  lime  is  nuflicient.      Thi«»  hyii'T!r..Til.y,l 
tho  result  of  exertion,  nfTects  primarily  the  /it/}  ri  U 

is,  moreover,  regularly  associated  with   ■'  to] 

the  overloading    iu    diastole   <>f    the    r>  :  ii 

•  a  Fls«nUil, '  Vinh.  Anh.,*  Irii, 
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incvitiiblo  conrnmitaut  of  &n  increase  in  the  velocity  of  the 
hlood-sli-eftin.  It  will  be  apparent  tliat  this  coodition  mast 
very  qnickly  brinj^  about  an  excentric  Iiypertropby  of  the 
rirfht  ciiamber  as  ireU. 

AJtliongh  we  con  aatiafactorily  cstabliKh  the  connection 
between  stroimous  muKcular  pxci-tion  and  the  consecutive 
<-ardtiio  hypertrophy,  there  is  another  grouji  of  enlargomonts 
of  the  heart,  to  which  Traiihei'  duriDg  the  lafit  years  of  hid 
life  iHrccttMj  attention,  where  our  physiological  knowlcd^ 
permits  a  mtirh  IcRs  degree  of  certainty,  namely,  the  hypor- 
trapfaieti  arising  in  consequence  of  an  immoderate  conjcumptidn 
a/ food  and  the  hiznrKg  of  Ihe  table.  It  is  an  indisputahio 
fact  that  the  symptoms  of  hypertrophy  of  the  heart  are 
not  infrequently  developed  in  persona  between  forty  and 
fifty  ycara  of  a^  as  the  result  of  such  excess,  and,  just  as 
io  the  caae  last  diflcnssod,  without  the  iutercurrence  of  any 
special  cardiac  diseaac.  The  individnals  in  question  are 
-  -  -rlly  men  in  easy  circumstances,  with  well -nourished 
,  who,  leading  at  other  times  au  easy  and  comfortable 
oxwteaeo,  consnmo  chiefiy  during  the  reason  their  abundant 
tlianvr  seoaoned  with  a  variety  of  wines.  Ooca»ionally, 
howrver,  the  taibject»  ure  respectable  middlc-claes  citizens, 
inclined  to  corpulency  and  accustomed  to  plentiful  meals 
and  the  enjoyment  of  large  quantities  of  beer.  Yet  to  an 
meenmte  comprehc'Qi<ion  of  the  manner  in  which  anpcr- 
abaudant  meals  increase  the  vrork  of  the  heart<f  the  physio- 
lojpml  data  at  onr  command  are,  as  has  been  said,  inadequate. 
At  any  rate,  what  has  up  to  the  present  been  snggosted  by 
way  of  explanation,  consists  essenrially  of  nothing  more  than 
observations,  more  or  less  vague,  as  to  paasivB  or  active 
oT*r-6Iling  of  the  portal  system,  and  has  little  of  the  nature 
of  genmne  insight  into  the  condition  of  the  circulation  under 

'  instance*.      We  most  content  ourselves,  however 

,  with  the  fact  that,  oven  after  an  ordinary  meal, 

during  physiological  digestion,  the  blood-prcssnro  is   some- 

'1.  and,  in  consequence,  the  ncti^-ity  of  the  heart 

iicriiuffd  ;  and  shall,  without  any  dcidre  to  forc- 

Ihe  more  exact  recognition  of  the  causftl  connection, 

*Hl,p.  159.    Cf.  further  Fnwntul.'NcueCbaritj. 
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look  npoQ  tlie  immoclcratc  meals  as  mere  abnormal  angvwyii 
tationa  of  influonccs  ordinarily  iacreasing  the  work  of  the 
heart.  Possibly,  as  Traabe  eapponed,  the  abnudaut  nse  ol 
apirite  and  tobacco  plays  a  part  here,  although  obserratioiika 
derived  from  other  sources,  in  particular  on  the  comtequeDroa 
of  the  ai/v^ua  syiritmnorum,  a  practice  which,  neverthe- 
IflftB,  is  bat  too  froqaently  Indulged  in,  do  not  appear  toj 
lend  confirmfttion  to  the  view. 

Physiology  learos  us  wholly  in  the  dark  with  regard  to 
cardiac  hypartrophiea  of  nerrmur  origi»,  for  though  the  in* 
fliienco  of  Btimulation  or  paralysis  of   certain  nerves  on   tho , 
frequency  of  tho  cardiac  contractions  has  been  the  aabjeci 
of  mnch  stndy  and  i&  snffictontly  irell  knon-n,  tho  data  tollinf^j 
in  favour  of   a  direct   action  of  (be  nerves  on  the  murrey  i 
and  vigour  of  tho  heart-beats  are  np  to  the  present  scanty.] 
And  yet  experiences  gained  from  pathology  permit  nok  thaj 
least  doubt  that  such  actions  must  take  place.     Take,  for 
example,  tho  no-called  nervoua  paipitaiion,  charnctcriited,  on 
ta  well  known,  by  attacks  of  harried  or  irregular  contrac-  < 
tion  of  the  heart,  of  which  the  patient  becomes  consriou-H 
through   a   painful    and    very    troublesome    throbbing    and 
beating  KeiiHation  in  the  breast,  often  extending  to  the  head 
and  other  partA   of  the   body.     In    the»e   caaeti   the  heart- 1 
beats  are  not  merely  Kabjectively  more  perceptible  to  the 
patient  than  normal ;  it  is  osual   for  the  cardiac  impulse  to 
be  objectively  {•trengthen^'d  during  the  attacks,  so  that  often 
the  entire  of  tho  front  of  tho  thorax  is  shaken  by  it,  oat) 
the  pulse  \&  correspondingly  full  and  tense — all  this  in  tndi- 
viduuLs  maintaining  perfect  quiet,   who,   moreover,   lead   a 
thoroughly  rational  exisitenco,  and  whoso  heart,  except  dnrtog 
»   paroxysm,    behaves    and    performs    its    fuuctioua   in  iul  . 
entirely  normal    fashion.      Further,  that  remarkablo  aggre- 
gate of  symptoms  known  as  Banedote'v  disease,  and  compri- 
sing in  typical  casos  patpitalion  of  the  hearlf  enlargement 
the  thyroid,  and  exojjhthalmos,  is  undoubtedly  dependent  on 
disturbanoos  of    innerviitinn.      Tlie    uccasional    alKsonco   or 
t«mporary  disappuaranoo  of  one  or  other  of  tbeee  symptoma 
makes  junt   as   little  againnt  the    unity   of   tlio   malady  oa 
against  ita  ncrvonst  character.      With  regard   to  the  morbid 
symptoms  connected  with  the  heart  in  this  difeo^e,  here,  too^ 
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not  onlj  is  the  frequency  of  the  cardiao  coDtractiuna  often 
tncrvtiKcd  tu  an  uiiuKuaJ  extent,  but  there  ih  a  decided 
acoeeaiou  to  their  vigour,  as  shown  by  tlie  very  forcible  im- 
polae  elevating  the  wall  of  the  thorax,  and  by  the  brisk 
pulsatiuu  of  the  carotids ;  although  at  the  comraencoment  of 
tlie  affection  tfaero  is  do  obKervablo  augmentation  of  the 
volume  of  the  heart,  ^loreover,  the  existence  of  vaxo-motor 
flmiPOMS  mast  not  be  forgotten.  The.se  are  characterised  by 
ihe  oecnrrencc,  over  more  or  leiis  extensive  T&.scolar  areas,  of 
•  diminution,  originating  in  nervons  inflnence,  of  the  calibre 
of  the  arteries,  which  of  necessity  increases  the  arterial 
preisare  and  thereby  tho  work  of  the  heart.  In  short, 
there  is  no  want  of  evidence  for  the  occurrence  of  a  morbid 
JDcreaae  in  tho  work  of  the  heart  of  nerroua  origin,  and  this 
being  the  case,  we  may  regard  the  development  of  true 
cmrdiac  hypertrophy  of  nervous  origin  as  nothing  more  than 
th«  simple  result  of  »uc]i  increase  ;  as  a  matter  of  fact  it  is 
not  uncommon  for  excentric  hypertrophy  of  the  entiro  heart 
IiD  R«t  in  in  the  course  of  long-continued  morhtit  lia»ed€xtciij 
an  hypertrophy  which  may  disappear  on  recovery.  It,  how* 
over,  the  aggregate  of  symptomii  iu  Basedow's  disease  be 
not  inxisted  on  as  chamcteristic  of  the  malady,  and  stren 
be  laid  rather  on  the  di.'^turbance  of  innervation,  we  shall 
oertainly  not  err  in  interpreting  a  number  of  cases  of  so- 
cmlled  idiopathic  cardiac  hypertrophy  as  due  to  this  affection. 
Whether  many  of  tho  enlargements  of  the  heart  which  have 
of  lato  been  often  observed  to  occur  hereditarily,  or  at  least 
repemtcdly,  in  certain  families,  should  not  be  classed  under 
this  head  (the  ner^-ons],  is  a  point  well  deserving  moro 
thoroDgh  investigation. 

Directing  our  inquiries  to  tho  condition  of  the  circulation  in 
individnalfi  with  idiopathic  h}-pcrtrophy,  or  as  it  is  also  called, 
•Of  Itocinum,  we  are  struck  by  the  very  notable  contrast  to 
the  dcuteropttthic  hypertrophy,  already  discnssed.  For  in 
the  latter  the  hypertrophy  i«  compensatory  of  a  valrnlar 
losiiin  ;  t.  r..  it  enables  the  circulation  to  continue  normal,  a.4 
if  the  heart  were  of  normal  volume,  and  the  function  of  the 
Talve«  unimpaired,  &c.  In  the  idiopathic  hypertrophies 
there  a  uo  such  call  for  compeuKatiou ;  the  valves  are  all 
•in  working  order ;  ihore  is  uo  hindrance  which,  actii 
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tho  organ  from  without,  miglit  prevent  the  emjilojnneiii  of 
ita  oiitiro  energy  iu  thu  propulsioa  of  the  blond ;  and  lha» 
tho  increase  in  volutuo  of  its  musculature  muHt  aecosaiarily 
have  effect  on  tho  flow.  Without  doubt,  the  hypcrtrophiod 
ventricle  thrown  its  contents  into  tho  arlcriea  with  grouor 
force  tlmn  Itofore,  it  coiuuiuDicat'Ce  to  tho  blood  a  grcsior 
velocity  than  before.  Whether  this  is  actually  advautagooua 
in  point  of  tenf>ion  and  velocity  to  the  blood-stream  tvs  a 
whole  will  obvioii.sly  depend  on  tho  arrival  in  tho  ventriolo 
of  a  larger  quantity  of  blood  daring  diastole.  Bhoald  tho 
quantity  undergo  no  incresfio,  tho  coiilentB  of  the  vontrielu 
will  indeed  be  dincharged  more  quickly  into  the  arteries,  the 
arteries  themselves  will  be  more  rapidly  distended  by  tho 
blood-wave,  in  a  word,  there  originatcH  a  jmhus  f«-W.  Dot 
thoro  will  be  no  increase  in  the  anionut  of  blood  llirown  iout 
the  arteries,  gimply  bocanse  there  is  no  more  blood  at  the 
diapoaal  of  tho  ventricular  systole.  The  velocity  of  the 
blood-etream  will  also  remain  unchanged  einco  tho  supply  of 
blood  to  the  heart  from  the  veins  is  tho  same  as  formwly. 
and  by  coniieiiueDce  the  flow  into  the  veins  from  Lho 
capdlarieu  and  from  lho  arteries  into  the  latter  muKt  con- 
tanne  as  before.  Not  ho  when  tho  ventricle  tis  iu  a  puitition  to 
receive  an  abuoruiully  lar^e  amount  of  blood  during  dia&tolo, 
A  larger  object  i!>  now  pre!>ented  to  the  heart  of  iiicreasod 
functional  |iower,  and  a  larger  quantity  of  blood  wiU  bo 
ejected  into  the  artenos  at  each  rt^'&l-ole.  As  the  nocciwuy 
result  of  iliiH,  the  mean  artn-ial  jtrt'Mure  will  continue  to  rim 
till  tho  amount  flowing  off  into  tho  capillaried  dnriag  lho 
interval  lietween  two  systulos  ta  again  ecjunl  to  that  Ibnfwn 
into  the  arteries  by  a  single  contraction.  With  this  elevation! 
of  meao  arterial  pressure  there  muKt,  however,  Inku  phuxsj 
pari  "passu,  a  fall  of  tension  in  tho  veins,  from  wbiuh  ou 
abnormally  large  amount  of  blood  is  botn^  4^mpticd  into 
heart. 

It  will  bo  clear  withoot   fnrthrr  coninnMil   x\.  ■■ 
of    hypertrophy   witli    dilatation,    MA-calli-d    i.fc(\. 
Irophfj,  tho  circulation  must  actaaUy  undergo  an  nltvnaniu] 
of  thi«  kind,  fiince  the  veiittif?!o  may  hei-r  be  '"'    '  ' 
by  an  abnormally  abundant  supply  of   blooti , 
Icaat   the  gr«*t  majority  of   all   idiopathic  e«i '  i  r- 
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Irtf|ibieii   are    excentric,  a   reply  to   the   question   in  nou- 

oicentriL-    tiTpurtrifphy    lias    chicHy    a    tliyoretical    mUrcst. 

fjtill.  tbu  vuiiii*  roiulilimi  oliljiiTiK  in  UieHu  simpla  enlnri^ciiieiitH 

v(  the  liL>urt.      Bmcup  namely,  tht>  wall  of  the  ventrk'lu  though 

liyiHTtropliit'iI  is  dist^ii!*ililu,  ihero  is  nothing  to  prevont  tho 

pn)|iugiili4m  of  Ibo  iniirt<  i<uergelio  iiiipalse,  u{  the  acceleration 

of  rolocity,  which  Iho  more  rigorous  action  of  the  hoart  haa 

onmmunicatril  tu  the  t<tr(.>aiu  nf  Arterial  Itluud,  on  into  tliu 

TcinM,  (U>    thut    the  blood    shall  poor  more  i-apid]y  during 

OmhUAo    idLo    the    rentricio,  which    for   its    pari   offcm  no 

'   ■\co    til    tho    ontranco    of   a    more    abundant  supply, 

iiiigly  ihu    arterjul   pulse    h  wout   to  be  largo,  very 

tk*nBO,    and    incomprossiblo    in    individuals    witlt    idiopathic 

ranliiu?  Uypcrlmpliy  ;  the  tirtrrinl  /trenituTe  in  hvjhcr  and  the 

Ti!w>u*  firr.ynurc  tinrt:r  than  the  ntmnal  mean  ataudaril,  and  the 

rHnrily  of  Ikv  hUnul'istTi'avt  is  in  cinvteiptenct  incrtated,     li 

'  '       "v   be  addt'd   tlmt  the  potmouary  utrculatJuu  fully 

^'       -  in  th«  acceleration. 

Hot  h'lwt'ver  pronouuctid  luay  bu  tho  difference  between 

t^pcirciiliiliitn  in  mh:\\  penujUM,aiid  iu  those  wilh  fully  conipen- 

ipU*'l  valvular  liisimis,  it  would  yul  hv   a  mirttukc  U>  suppose 

tint  tho  former  nro  much  better  situated  than  the  latter.     To 

I  '  of   thi^  ditu^rrs  tn  tho  heart  and  arteries  urii^iDg 

i;:b  artiTud  pressuro,  of  the  iDovitabte  iuierfercnco 

with  Ibp  oxpaniiion  of  iho  left  lung   iu  inspiration  in  con- 

'    Iho  considembla  increase  in  tlio  volume  of  tho 

i!<^  not  of  account  too  the  partiul  iuipc<linieiit  prc- 

aented  In  thu  mnvemonts  of  the  diaphi-agm,  it  must  bo  bomo 

in   mind    that  tho   hypertrophy  is  confronted  by  a  task  of 

nbtvortnnl  M^verity,  the  iuci-easod  functional  capacity  by  an 

iiHTroaM  of    tho  dcmnnds  upon    iU     Just  as  tho  inoreoeed 

■  1-0  tlu?  original  causo  of  tho  hypcriropby,  so  it  is 

F.phy  iilone  tlmt  makoa  Ihcir  continued  sati3faction 

po«iiiblv.     The  Roldier  could  nob  sustain  his  daily  marchcSj 

11  llie  hoil-carnor  or  the  Hmith  diMchArge  his  laborious 

,    ■'■.»n,  wore  it   not  for  tlie  ncrurrenco  of    hj'portrophy  ; 

Ibti  (^lurniaiHl  too,  wmild  be  forced  to  succumb  to  tho  largo 

■  «!  and  drink  coiisumed  by  hini,  nor  could  tho 

a'9  diseoso  uiaiotoin  the  frocjuency  aud  fores' 

*l  it*  b««te  tw  WHikB  oiui  tnuuUia  together.     The  features 


are  essentUIIy  the  same  as  tbose  presented  by  the  Dompen- 
Batoiy  hypcrtropliy  of  valmlar  disease— with  one  poinfc  of 
difference  it  is  true,  namely,  that  the  excessive  caU»  upon 
the  heart  in  valvular  di^aoe  are  absolutely  contiiiouaa, 
uniDtermitteDt,  while  in  labourers  and  in  gourmands  tltoyare> 
interrupted  by  tntervala  of  rest.  Still  ho  long  aa  the  occupation 
or  manner  of  living  in  persisted  in,  these  interraUj  during 
which  the  work  of  the  heart  more  than  meets  the  needs  of 
the  economy,  are  of  shori  duration  ;  and  a  possible  advautaijv 
to  the  organitim  ns  a  whole,  springing  oat  of  the  increased 
fanctional  capacity  uf  the  heart,  cannot  be  seriously  udmitled, 
onleas  the  enlargement  of  the  heart  continue  after  the 
abnormal  conditions  have  disappeared,  i.  f.  after  the  adoption 
of  a  moderate  and  quiet  mode  of  living  or  the  removal  of 
the  disturbances  of  innervation.  The  hypertrophy  is  not 
permanent,  however ;  on  recovery  from  morhua  BoMdomtf 
on  relinquishing  the  pleasures  of  the  table  or  the  laborions 
occupation,  as  the  case  may  be,  il  beeontfit  gradttiiUy  rtirtf 
^c^nvf.  An  enlargement  of  the  heart,  which  continued  in 
the  absence  of  all  cause,  i*.  e.  without  nny  unusual  demand  on 
the  work  of  the  heart,  would  1>e  idiopathic  iu  a  literal  sense, 
and  such  an  hypertrophy  does  not  and  cannot  exist.  For 
the  rest,  snch  retn^^essive  change  in  a  cardiac  enlargement 
ia  not  often  met  with  by  the  physician;  for,  as  a  rule,  iha 
patients  come  under  observation  only  when  it  is  already  loo 
late,  when  the  disease  has  taken  that  unfavorable  turn 
which  is  alone  necessary  to  the  complete  correspondence  of 
the  picture  with  that  occurring  iu  the  non-compensated  cardiac 
lesions. 


I  have  in  the  foregoing  discnsaiou  endeavoured  to  make 
it  quite  clear,  on  the  evidence  of  facts  derived  from  phyaio- 
logy  and  pathology  as  well  aa  from  experiment,  how 
exquisitely  our  heart  is  adjusted  to  respond  to  the  calls 
npon  it,  from  whatever  side  these  may  come.     Tli  '.  io 

ho  aceompliKhed  by  the  heart,  under  ordinary  vital  <  rj, 

in   the  absence  of  6itigue  and  ivitb   a  tempemte    mode   oE 
Uving,  falls  far  short  of  that  of  which  it  is  cat  'i 
capable.       Indeed,  it«  functional    capacity,    H«    ■ 
power,  ia  so  great  that  it  may,  on  the  one  hand,  imBtfr 
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sitlcrftble  reduction,  and  jet  contiaue  to  meet  the  ordmarjr 
averti^e  demands  upon  it ;  whito,  ou  the  other  huud,  the 
vhUh  upou  it  may  bo  in  the  highest  degree  uuj^euted 
withcmt  (izcoeding  itH  power  of  satisfying  them.  And  the 
heart  can  do  ho  not  merely  for  a  short  period ;  it  can 
conliuuouHly  respond  U*  really  exorbitant  deniands,  effecting 
this  by  the  aid  o£  the  niuscalar  hypertrophy  which,  under 
the  influenctt  of  these  deniunds,  beeotneK  CRtablirOicd  in 
an  appropriate  ponition.  Who  will  venture  to  fiay  whore 
the  limits  of  this  functional  power  lie  ?  That  siieh  limits 
•exiat  ia  self-evident,  so  that  I  need  only  remind  you  of  our 
uxperimental  st^nusin,  in  which,  after  a  certain  amount  of 
twist  had  been  communicated  to  the  ligatnre-rod,  the  heart 
was  no  longer  able  to  overcome  the  opposition  of  the  ab- 
normal resistance.  You  kuow  what  occurred  then  ;  despite 
the  most  vigorous  efforts,  the  heart  could  not  prevent  an 
immediate  fall  in  arterial  pressure  to  an  extent  no  longer 
compatible  with  life.  That  in  human  beings  too,  sndden 
death  may  result  from  similar  cansea,  I  have  no  donbt. 
Moreover,  many  cases  arc  on  record,  iu  which  the  complete 

'  laevemnoe  of  an  entire  valve  haa  rapidly  brought  ou  the 
fatal  issue ;  and  in  those  cases  of  excessive  exertion,  where, 
for  example,  a  porter  suddenly  falls  dead  under  a  heavy 
burden,  the  causal  conuectiuu  must  often  be  the  same. 

Such  occurrences  are,  however,  extremely  rare ;  and  did 
no  other  danger  threaten  the  patient  suffering  from  heart- 
-dfapaiw,  bo  would  hnvo  little  cauao  for  anxiety.  Nor, 
apparently,  is  there  reason  to  fear  that  a  chronic  valvular 
lemon  may,  through  progressive  contraction  or  calcification, 
reach  such  a  pitch  of  severity  that  the  functional   power  of 

j^ho  heart  can  no  longer  keep  pace  with  it.  The  gradually 
inCTvaaing  sti^noitis  is  accompanied  by  a  gmdually  iucreuAing 
fajpertoophy,  and  if  the  moderately  thickened  muscle  were 
capable  of  overcoming  the  abnormal  resistance  of  moderate 
degree,  the  ostium,  though  very  much  narrowed,  will  oppose 
no  iDnupcrable  obstacle  to  the  extreme  hypertrophy.  Yet 
one  point  must  be  constAutly  borne  in  mind,  namely,  that 
ihit  cxtnibrdinan-  and  admirable  functional  power  tff  potfW62« 
-fTfJy  w<  "nrt-mu^clv  in  all  other  respects  intact:  and 

bo  <:ients  must  be  fuifflled  before  the  integi-ity 
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of  the  lieart-mtisclD  cail  be  described  as  perfect  1  The  f^n- 
glia  and  muscle-fibres  must  net.  only  be  i'!  '.■  '  ■  I'ly  and 
chemically  intact,  but  nlao  abs<.>lutely  pl'j  r  ]K>int 

of  oxcitftbility ;  and  with  respect  to  the  circalation  tUroa^ 
the  coronaries,  not  only  must  it  bo  free  fp'tui  imp*"''  ■  '<'it 
the  blood  itself  mu;«t  be  of  norinAt  couslittiiiou  hw  m- 

ture.       Now,    we    have    already    couaider(>(l   the    manifold 
prucOHSOa    by    which    the    cardiac   rausculattiru    may    suffer 
aiterutioiiB  of  structure  and  t*oui]K>i«itioii  ;  wu  havu  al»o  made 
mention  of  thostj   hindruncoa   to   the  circulatjon,  whidi  wo\ 
fre(]ueiit)y    atti'cd    sulerosin    of  the    coronary    arterleti.      In 
accordaiico    with    uur    plan,    we    Hball     poslpone    the    roore 
detailed  couBidoratiou  of  tho  alteratiouH  iu  the  com]>DHitiou  of ; 
the  binod ;    the  more  so  a«  we  do  not  need  to  treat  nf  tlii-m 
at  lenglli  ben>,  Kinee  tliey  are  of  only  secondary  iuiporianco 
in  cardiac  patholttg}' ;  it  is  at  most  the  aoannio  cnnditioiv, 
which,  in  su  far  as  tbcy  impede  the  absorption  and  »u])ply 
of  oxyt^en    to    tho    beart-musclej    exercise    an    nufavomble 
inflnence  ou  the  function  of  the  latter.     Tho  mainteoauce  of 
a  normal  bodily  temperaturp  is  certainly  of  macb  jfrcatcr 
jinportancc  to  the  functional  capacity  of  the  heart.     Fur  nol 
only  is  tlio  freqaoncy  of  the  contractions  accelaratod  by  an 
jncr<'a«i:  in  tho  temporatarc  of  the  blood,  but  rcmj  itlm/npf. 
deviation  from  the  vormal  bodily  temperature  rtdutc»  the  irrl- 
iahidtif  of  the  c<ir<fiW  ganglia   and  fromotta  fniigve  of'  i/i«| 
heart. muxetf.     C'Duttidcrable  alterations  in   tho  tcnifwratura ' 
of  the  bl<.>od,  whctlier  by  ^aia  or  Kws  of  heat,  net  so  powor*' 
folly  and  promptly  iu  this  reopect,  that  doitth  hy  jtaralj/mim 
the  heart  may  be  occajnonod  with  extreme  rapidity.      When, 
a«   iu   ordinary   fevera.   the  changes  are  ttot  so  Bovvrc   in, 
chamctur,   their   offcot   becomes  more  apparent  tha    Umi/ar\ 
theij  pfT'ni't.     FOfC!<ibly,  in  many  diseoMs  attended  by  p\-Ti»xta,| 
but  mora  especially  in  septic  and  namaroua  other  iufectivB] 
fevcre,  tho  effect  on  tbe  heart  may  bo  still  more  BtrenKthenod  i 
and  accelerated  by  the  direct  poiMinous  action  nf  thi<  Hpecifle 
cauanv  of  diseaso  ;  at  any  rate  a  n»<  of  blo^fd-trmperaturo  ufJ 
some  durution  nlouo  mifflces  to  diminiah   mora  and  mure 
w">rkin|^  capacity  of  the  heart-nmscle.     The  ofl 

becoming   acqiiaint^'d    directly    with    the    cui .    ihe 

moMle-fibrcitj  to  any  nothing'  of  tho  ganglion •crllsj  and  tho] 
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WHtit  ot  a.  iva^nt  wliicli  would  luako  il>  possible  to  judgo 
from  lliu  heart  jmHt  murlcm  whetUt^r  t)ii>  uxciUibilily  of  nvrvc- 
Hud  iiiu»cU'-tibni  hut  beeu  [ihji>iologiL'al  inlrti  vilam,  {»,  it  is 
truOj  a  mtsfuriano  Ibat,  Bpiirt  from  fevor^  ropeattxHy  forces 
iliwlf  on  our  a ttuiit.il HI.  Yi-t  this  caoiiot  pruvout  our  doing 
fall  jiiHtiru  tu  tliu  tibm^rratirnifl  njado  uii  the  tivui^^  Kubjuvl. 
Accnnling  to  Ihtnuo,  it  ih tnuunioKtablu  that  uunutiu  iriflacucos, 
wkosv  ftnthfl  we  are  uot  always  able  tu  trace,  are  capable  uf 
iaflitimi'inf^  tho  heart's  action  injnnonsly ;  and  whatovur 
ilie  intermf*diata  tract  may  be,  it  is  by  no  mcHDa  unusaal 
in  thn  oxpiTipnce  of  tho  physician  for  severe  d«pn:iinntf 
tmotinnat  ilixtuHHinrv  to  prure  itself  capable  of  permanently 
nod  very  considerably  prejudicing  the  functional  power  oE 
lilt*  heart,  CHpecially  if  the  orgun  lie  already  diseased. 
Lastly,  to  Ihe  chnngcs  in  the  heart,  unrecognisable  by  oor 
reageriti*  and  optica)  cuutrivaucev,  must  be  added  one,  which' 
in  pafholngy  is  perhaps  the  most  important  of  al],  namely, 
^  jntiijtf  mill  rxhiiHstum,  I  am  alive  to  the  fact  that  this  ia  ft 
point  nhere  the  secure  foundation  of  physiological  experiment 
■  'irig.     In  a  normal  condition,  tho  diastole  following 

iilraction  uppean*  amply  fliiflicient  cuu»tautiy  to  secure 
the  heart  from  all  fatigue.  Bui  who  will  guarantee  that  thi& 
■ball  aUo  sufliiTO  when  apposed  ir>  an  abnormal  iucreasc  of 
irork,  i,f!.  if  the  heart  aci-ompUHbes  at  each  ^y&tole  a  tusk 
Tcrjr  <xiiisidt-rably  above  the  uonaal  ?  This,  however,  wo 
lukTO  Keen  in  lii'  the  enso  in  tlio  various  cardiac  lesionii,  and 
klwt  despite  the  pn's.(-'ni*e  of  hypiTtrnphy.  In  the  abt^unce 
of  tlio  hklt«r,  fatigue  wonld  very  rapidly  set  in  ;  but  can  the 
■I.  always  avr-rt  it?  A'cs,  if  we  had  the  giiarunloo 
.irt  of  individoaJs  with  eompon&atcd  cardiac  lesiuuft 
Rboald  never  be  called  on  to  accomplish  more  than  tho 
aeuoro  of  mirk  I4.1  which  the  ttrgnn  had  adjiisted  itKclf. 
Bhw  in  mind,  however,  how  manifold  are  the  cuuditiouM  by 
which  tho  cduims  Mpon  its  energy  may   bo  occaeionally,  if 

mporarily,  augmeiitetl.  Consider,  further,  how,  for 
,  i'  ,  with  every  increHse  in  the  frequency  of  the  pulse 
ibo  periods  of  rocuperatiou  for  the  heart-musclo  in  diastole 
itrtt  tliniiui-lic'l.  Thin  would  be  a  matter  of  indifference  to 
m  heftitiiy  hi-art;  is  it  so  where  tho  organ  is  cvwiK'lled 
OMUtantly    to   stjmin  it«  powers  to  tho  Tary  uttermost  in 


w 


THE  HBAET. 


order  U>  satisfy  the  continaODS  demands  upon  it?     Add 
all  this  that  tliere  rcinflitu  in  SDcli  patieotii,  despite   tht 
most   pcrfoct   e<mipen9atiQn,  ii  DomUer  of  anomalies  of  tht 
circulation,  which  do  not  eontribate  to  the  advuntnge  of  the 
latter  or  of  the  remaining  organic  fnnctions,  and  wbicb  hooii*-! 
or  later  must  assort  themaclvefe  in  some  way  or  other.     It  need, 
1  think,  oxcit«  no  aorpriso,  ahonld  a  moniont   alUinal«lj 
arrive  when   tho   overstrained  organism  strikes  work,  vrvn] 
without  the  occurrence  of  any  frosh  complication  of  import- 
ttttoe.   I   tihould    like  to  see   tho   term   "fatiffue"   apptic 
excluBivcly  to  such  a  coarse  of  evenla,  whether  it  affect*  tho' 
nervous    or  tho  muscular    apparatus    of    tho   heart.      Such 
easoB  are  by  no  meana  rare,  so  far  as  can  be  iufenvdj  at 
least,  from  the  very  largo  numVr  of  cardiac  le(*ions  eomin| 
to  the  knowledge  of  ever)'  pathological  anat<''miRt>  where  nc 
disease  of  the   myocardinm  can   be  detected   by  the  most 
painstaking  eiaminatinn,   although    the  rlinical   tifitorj'  and 
the  remaining  ^lyf-morft-nt  appoaranceH  leave  no  doubt  that 
a  difitnrhance  of  compennation   had  taken  place  «n/ra  tritam. 
Occasionally  a  condition  is  met  with  at  the  aiitopsiefl  ofj 
personH  who  have  suffered  from  heart  disease,  which  may 
regarded  zs  the  immediate  caui^e  of  death,  aa,  for  infttancet 
emboli«m  of  the  middle  cerebral,  or  erysipelas  of  an 
toQB  leg ;  but  as  a  rule  nothing  more  is  discovered  than 
signa  or  consequences  of  the  disturbance  of  compensatioD, 
oodema,  indurations,  &c.,  Ac.,  and  we  shall  mostly  seek  111 
vain  for   anything  which  might  throw  light   on  ita  camel 
There  is  a  widespread  belief  thai  tho  commonest  sonrce  of 
failartf    of    the    heart    is   fatty   degenerntiou   of    the  hyper- 
trophied  myocardium ;  yet  I  am  unable  to  discover  tho  gi-onnc 
for    this  opinion.      For  should    the    great    frequency 
which  fatty  metamorphowis  is  found  in  tho  ht^arts  in  qut^stior 
bo  pnt  forward  in  its  favour,  I   would  be  inclined  Gnt  of  alii 
to  regard  thu  statements  by  which  tho  view  ia  supported  aa 
decidedly  exaggerated ;  and  in  the  next  place,  who  can  tell 
whether  the  I'litty  dcgcueration  of  tho  muscle  huH  really  pre 
ceded  the  derangement  of  coropcnsatton  and  has  not  made  il 
appearance   xubseqnently   as  an  effect  f^^m  general  pat! 
logical  jirinciplcB  a  raueh  more  proliable  idea. 

Those,  then,  are  the  factore  by  which  tho  energy  of 
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hoart-niDaclo  is  more  or  less  kpHuusIv  endangered.  A  heart| 
even  wben  perfectly  Lealthy,  laay  be  threattinL'd  by  theni ; 
BtUJ  more  one  which  ts  already  incapable  of  maiutuining  bu 
•pproxiuiat«ly  regular  cironlatiou  except  by  the  (K>ntinuouK 
expeuditure  of  its  entire  energy.  The  simplost  example  of 
■Qch  peril  to  the  healthy  heart  is  afforded  by  rise  of 
temperatare,  whether  of  pyrexial  character,  or  produced  at 
will  by  experiment,  or  caused  by  in-solation.  When  the 
bodily  temptrrutore  has  reached  an  elevation  of  about  44 — 
4$^  C,  the  consequence  is,  as  already  statod,  cardiac  paralysiA 

^and  deatb;  -when,  on  the  other  hand,  the  ritioof  temperHtiiro 
is  loss,  but  persistent,  ai^  in  many  diseases  attended  by 
PTTexia,  (he  heart,  though  enfeebled,  can  yet  for  a  long 
time  pnt  forth  the  efforts  necessary  to  ward  off  tho  appear- 
ance of  generiil  disturbances  of  the  circulation ;  but  when 
the  exhaoBtion  haa  exceeded  certain  limits,  these  also  set  in. 
Kevertln'Ii'S6  this  change  in  the  character  of  the  symptoms 
■a  uBoally  much  more  conspicuous  if  one  of  the  mischievoui^ 
condititms  already  doscribod  affects  a  heart  whose  functional 
rapacity  was  prcviounly  only  exactly  sufficient  forthesatisfnc- 
lion  of  Iho  moderate  demandanpon  it — in  which  class,  if  one 
chooMe,  may  be  placed,  it  is  true,  the  hearts  of  those  who  have 
pasted  through  protracted  febrile  diseai^es.  It  is  immaterial 
in  what  way  the  hearts  in  question  have  been  reduced  below 
the  normal  standard,  whether  tbix  be  owing  to  chronic  fatty 
degeneration  or  other  cause  capable  of  giving  hiw  to  Iohk 
of  cimtractile  eabstance,  or  be  the  result  of  extciutive 
Bclerofis  of  the  corooaries  ;  it  is  immaterial,  too,  whether  the 

^lieart  be  one  whose  functional  capacity  is  in  it-seU  abnormally 
great,  but  whose  entire  energy  is  at  all  times  con^iumcd  in 
meotiug  the  coatinnonsly  increasing  and  abnormally  largo 
demaudji  upon  it,  as,  for  example,  in  the  valvular  discasea 
and  in  the  so-called  idiopathic  enlargement  of  tho  heart. 
Wheu»  in  these  cases,  one  of  the  injorious  influences  just 
meationod  asserts  itself,  tho  invariable  result  is  a  loss  of 
more  energy  than  can  bo  dispensed  without  injuring  the 
circulation.  What  is  tho  state  of  tho  circulation  under  tliese 
circa  mKtancca  ? 

t/et   u%   fix  onr  attention  on  somo   one  or  other  of  the 
Talvolar  ledons,  e.  g.  stenosis  of  the  pulmonary  orifice.     From- 
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tlie   moment   wlm   (be   energy  of  the  right  ventricle 
longer  suffices  to  comiilctcly  ovorcomo  the  ahnommt  ro^i* 
RQCf,  Ip89  hlotnl  tlian  tiefun-  will   \ta  thrown  nl  each  R^'fitoU 
ihrongli  llio  narruwrd  apertarc  into  Ibci  a.  jiulutonalig^ 
fonsequently   lew  will  ]iass  through   the  liinff;;  into  tho  loft 
nnricle  and  then<?e  into  the  left  Tentriolo,  so  thul.  Ilai  aortu 
ft}'slt?m  cannot  rownrp  the  ordinary  average  qniuitiiy  nt  the 
nnxt  sysloV.     Olhrr  thintrs  ht>ingpqiml,  tho  inmn-ilinto  result 
must  be  A  diminntinn  in  the  sir^  of  tho  individonl  jmlMiltDt 
and  •   foirmng  of  Urn  mean  arterial  pYftnure,  ns  ban 
dfscrihod  with  siifRcient  minnieness  io  connection  with  ooi 
pericardial    oxpcrimcnt.       On    tbo    other    bund,    thu    bl 
whicli  the  right  rvntriclc  was  nnafalo  to  diKc-liiu-gc  into  ilnj 
pnlraonary  remainii  in  thii«  earity  at  thi*  com-Iuj'ion  of  it 
ajratolc,  and  in  conseqnenct.'  the  blood  of  the  right  nnricloj 
cannot  enter  the  venlricle  so  readily  as  it  otherwise  would  tl 
and  nltboogh  it  may  at  finit  effect  an  entrance  owing  to  llioj 
diMcDfiibility    of    the   veatricalar  wallx.   not   incn>ly   14  tlwj 
situation  UDiinpmved,  but  rather  disimproved,  ttiace  the  too- 
fi:vMo   heari.   finds  it.wlf  opposed  to  an  abnontially  (ar^o 
blood-quantum:    in    any   rase,  after  a    few  henrt-lwat't   tlm 
qnantily  of  blood  pnfent  in  the  heart  at  the  rommcni-'emMitl 
of    systole    hn-i    Ijccome    so    cnnxiderahle   aa   to  constitntti  f|] 
decided  olwtAi-le,  first  to  the  anriclo  and  very  shortly  it*  tKo] 
Tenons  stream  an  well.     This  involves  a  ri»ii  of  mean  rmum»\ 
frrefsurtj    and    in   addition  of  conrw*.   for    reanons    ulroacty 
known  to  yon.  a  marked  strengthening  of  the  venont*  pnW.I 
The  relation  between  tho  tensions*  of  the  twij  diviwrins  of  tttaj 
ityBt€»mic   circulation   having   been   in   this   way   nn-ersed, 
dacmtw  \H  the  Telocity  of  the  trtwd-tfrmm  through  tho  captU] 
larica  is,  an  yon  also  know,  inevitable,  a  dei'reaAe  in    whjrlif 
tho  pnlmonary  rircnlation,  who«io  tonMon   wus  in  say  cnMil 
first  afferiod  by  the  redaction,  will  evidently  beitnplicat*^. 

Tho  sketch  of  pnlninnnry  sleuosi**  here  giyen  yoit,  fnllj 
applies,  mutalig  tnntandiM,  to  each  nf  those  n*niniaTngran1tfia| 
Icrionji  which  are  charnctcriited  by  a  disproportion  b' 
"detaand  for  wi»rfc  "  and   "capacity  for  work  ;"  it  n 
not  whether  it  bo   that   tn  normal  demnmU  an  Nb<iiilQtrlyj 
'       '  -     '  vrr  it  oppnerd,  or  -  ^    ''     r  abnomtal 

to  l)«  met  by  !'  lal 
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Tvbich,  if  at  »11  incronned,  is  ioi^afHciently  80.     It  is  obvious 

lai  this  will  apply  to  inaufficicucy  of  tlio  pulmonary  valves, 

rfarrti  the   energy  of  tho  right  chamber  is   imulciiiiaie   to 

tbe  propulsioo  of  tbo  normal  diastolic  blood-qaantum  plwt 

tliMt    which    has    regurgitated  fitim  tho  pulmonary  artories ; 

lid  it  IB  Qo  leB8  applicable  to  stenosis  and  to  insufficiency 

of    tho    left   aahcttlo-rcntncDlar    orifice,    when    the  motive 

of  tho  right    ventricle   is    deficient.     Nor  can   it   be 

lenriae  in  tho  IcKiouB  of  the  aortic  orifico  vs-ith  imperfect 

compensation,  except  that  here  tho  reaction  on  tho  syittemio 

nns  is  n^t    direct,    but   throngh   the  mmlinm    of  the  left 

Loricla  and  pulmonary  system ;  and  consequently  wo  hare 

hcrro  m  sort  of  intennodtate  stage  with  hypertrophy  of  the 

right  ventricle.     True,  this  is  not  of  much  service  to  the 

patient  ;  for  tho  motive  force  of  the  loft  Tontricle  is  nnafFectcd 

by  the  hypertrophy  of  the  right,  and  therefore  the  low  arterial 

ire  and  the  over-filling  of  the  left  ventricle  coutinne  ; 

■dTantngo  derived  from  tho  hypertrophy  of  the  right 

Tcnfcrielo  will  soon  have  reached  ita  limits,  even  though  tho 

ctor  caosing  the  distnrbancc  of  compensation  bo  not  of 

uatuTo    to  involve   both  sides  of   the  heart :    it   is   even 

nbic,  that  the  increase  in  pulmonary  tension  attendant 

>n  the  enlargement  of  the  right  chamber  may,  under  cer- 

"'lain  circumstances,  aggravate  the   situation  of   the   nufor- 

tnnate  patient.     Moreover,  it  need  hardly  bo  explained  that 

rnechia  of   tho  (MTicardium  must  also  bring  about  this 

sange  in  tlio  general    otrculation,   when,    in    presence  of 

he  oxtorual  impediment,  the  functional  power  of  tho  heart- 

:le    is    no    longer   capable    of    propelling    the    normal 

I-quantum  into  the  artories.     Kor,  as  has  been  stated 

ttedly,   can    tho   case  bo  different,  when  the   motive 

>rce  of  the  right  or  left  ventricle  has,  owing  to  tho  fonna- 

of  indurations  or  to  fatty  degeneration  or  other  caose, 

riorated  to  a  degree  incompatible  with  the  maintenance 

of  thi*  usual  rcgulnr  nrctilation.      Here,  (/x>,  wo  have  a  low 

arterial  prrsnure  due  to  dimiuinhed  supply  to  the  arteries  by 

tho  8}'stole,  and,  because  of  tho   insufficient  evacuation   of 

ie  ventriclps,  a  re^ifitaiice  to  tho  entrance  of  venous  blood 

^rith    rise   of  renons  tension,   occurring  on  the  right   side 

fdrthwiiii,  OQ  the  left  aide  only  after  hypertrophy  of   tho 
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.  vhi«b,  if  at  all  increased,  is  in^ufBciently  so.      It  is  obvioas 
tiiis  will  apply  to  insufficiency  uf  the  pulmonary  va]veS| 
tfiftre  the  energy  of  the  right  chamber  is  inadequate   to 
tic  jiropnlsion  of  the  normal  diast<}Hc  blood-qoantnm  plus 
bat  which    has    rogurgitnted  from  the  pulmonary  arteries  ; 
nd  it  is  no  less  applicable  to  stenosis  and  to  Lnsufficiency 
[»l  tJiB  left  anricnlo-vcntricular   orifice,   when   the  motive 
of  the  right    ventricle   is    deficient.      Nor  can   it   be 
herriso  in  the  lesions  of  the  aortic  orifice  with  imperfect 
f  compensation,  except  that  here  the  reaction  on  the  systemic 
is  not    direct,   hut   through  the  medium   of  tho  left 
iriela  and  pulmonary  system ;  and  consequently  we  have 
a  sort  of  intermediate  stage  witli  hypertrophy  of  the 
[lipk  ventricle.     True,  thia  is  not  of  much  sen-ice  to  the 
I  patient ;  for  the  motive  force  of  the  left  Tcntriclc  is  unaffected 
[fcy  Uie  hypertrophy  of  the  right,  and  therefore  tho  low  arterial 
I  jnasore  and  the  over-filling  of  tho  left  ventricle  continue  ; 
'Dm  itdvanta^  derived  from  the  hypertrophy  of  the  right 
[▼Mitricle  will  soon  have  reached  its  limits,  even  though  the 
causing'  the  disturbance  of  compensation  be  not    of 
ire    to  involve    both   sides  o£  the  heart :    it   is   even 
pMRible^  that  the  increase  in  pulmonary  tension  attendant 
ot  tho  enlargement  of  the  right  chamber  may,  tinder  cer- 
Iaih  cireum!<tanccs,  aggravate  tlic    situation   of   the   unfor- 
tunate patient.     Moreover,  it  need  hardly  be  explained  that 
jruechia   of   the   pericardium   must   also   bring  about   this 
hange  in  the  general    circulation,   when,    in    presence  of 
the  external  impediment,  the  functional  power  of  the  heart- 
mosele    is    no    longer  capable    of    propelling    tho    normal 
blood-qoantum  into  the  arteries.     Nor,  ns  has  been  stated 
repeatedly,    can    the    case    be  different,   when  tho    motive 
forco  of  the  right  or  left  ventricle  has,  o-wing  to  the  forma- 
tion of  indnrationa  or  to  fatty  degeneration  or  other  cause, 
deteriorated  to  a  degree  incompatible  with  tho  maintonanco 
of  the  usual  regular  circulation.      Here,  too,  we  have  a  low 
arterial  pressoro  duo  to  dtminifihed  sapply  to  tho  arteries  by 
the  systole,  and,  because  of  the   inRufficient  evacuation   of 
ventricles,  a  resistance  to  the  entrance  of  venous  blood 
rise  of  venous  tension,   occurring  on  the  right   side 
itii,  oa  the  left  side  only  after  hypertrophy  of  the 
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right  Tcntriclo  has  been  established,  jost  a«  in  tho  aac 
peosati'd  aortiL'  legions.  Laatlj,  the  idiopathic  chiiractpr 
«n  hypertrophy  ran  occasion  no  difference  in  the  coorsu 
events  J  for  this  form  too  depends  in  reality,  as  wo  bare 
already  mnro  particnlarlr  shi-iim,  on  abnormal  demanda  on 
the  work  of  the  hf>art  ;  and  fhauld  the  latter  be  ooutinaOB 
while,  on  the  other  hand,  the  contractile  force  is  redac« 
there  moM  of  npce.<vity  rcAnlt  the  Kame  generml  distorl 
of  the  circulation  which  accompany  all  the*eoon«)fnpei 
cardiac  lesions.  At  the  antopsy  of  pOTSoos  who  bav^ 
periiihed  from  what  is  known  in  T'  '  i  s*  "  u  ■ 
heurt,"  there  is  found,  instead  of  li;  _  ^<h\\,  a  di. 

often  really  enormotia,  of  both  wdes  of  tlie  heart ;  yt»t  witii'J 
ont  any  ralvalar  lesioii  or  other  auatomically  discoverabl« 
caasal  affection. 

It  is.  in  all  essential  particulars,  a  nnifonn  picture  tluU 
prwanted,  when  tho  heart  has  c«ued  to  accommodate  it 
to  the  claiuift  upon  it,  when  the  organ  has  become,  aa  it  may ' 
be  aptly  expressed,  "iosufficieui."  The  dotailis  especially 
the  60-caIled  physical  signs,  may  offer  variety  enon^h,  the 
character  of  the  pnbe  may  al&o  mry — I  remind  yon^  for 
example,  of  ibo  puLnta  pel«r  in  aortic  insnfficiency,  a  eim- 
ditkm  which  must  naturally  be  all  the  more  conspicooiu, 
vIms«  the  arterial  pressure  is  low  -.  bat  in  those  points  tl 
are  decteiTo  (or  tho  slata  of  the  ctronlalian  aa  a  whole* 
harmony  is  very  comp1i>ie.     There  t^  loo,  an  affectir ' 

heart  itself  that  recurs  in  all  oases  of  cardiac  insat) 

be  the  original  deicd  or  the  canae  ol  the  failur*  ol 
peaaacion  what  it  may,  namely,  en  enlarytmuml  itfonn  nr 
tfiU  rari'firs,  Jilatatum.  Thai  soch  dilatatton  must 
place*,  will  be  at  otM«  chmr  to  you  on  calliag  to  mind  tlut'  il 
ia  ffcs  orrrifi/in jf  or  fttvaditv  liMtem^*  e^  tk*  ^ar^iot- 
tnik  MnxJ  which  confititat<«s.  in  these  cases,  tho  ob^ 
the  entimnce  of  towmu  blood  into  the  heart,  and  clevi 
at  the  same  time,  the  y^^uouk  prctoore.  In  all 
of  cardiac  insafidancy — if  we  leave  oat  of  const 
•tenosaa  of  the  trionnpid,  soon  to  be  discasiad<— the  n§ki 
renlricle  at  leaal  must  be  ahBonaal^  -dihi' 
ibcr  of  cases,  such  as  fatty  JeDemaa^A  . 
left  heart,  idtopalhic  hyper-  tu< 
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riSce,  tbe  left  rentricle  mast  also  participate  in  the  dilata- 
iQ,  nnd  ma^  pt»«itily  hv  invotvtfd  still  earlier  than  the 
rht.  Now,  dilatation  J  »»  a  very  common  complication  oE 
»rtrophy,  lias  already  been  briefly  considered,  and  Btress 
rbeon  laid  ou  itA  somewhat  unimpurtant  character.  The 
3itir»«» ;..,!,  with  which  we  are  concerned  at  present  are  not 
-.liod  from  thoae  merely  by  their  extent;  forthongb 
U  u  quiU'  true  that  the  dilatation  of  the  insufficient  heart  t.s  as  a 
rnU'  more  conindeniblo  than  that  associated  with  hypertrophy, 
yrt  the  diastolic  volume  of  the  ventricle  may  be  extreme  in 
amny  coses  vi  aortic  inKufficiency  and  of  idiopathic  hyper- 
Itophf ,  and  yet  no  disturbance  uf  compensation  result.  The 
patbogntimonie  element  in  the  dilatation  of  cardiac  insufiSci- 
ej,  or  miire  brieUy,  the  nb»olute  dilatationj  consists  rather, 
haa  been  already  stated,  in  a  disproportion  between  the 
of  the  cavity  and  the  motive  force  of  its  muscular 
i.e.  in  the.  incapnritif  uf  the  hrarl  In  ilimininh  by  Uh 
irtuliona  the  ciiri/y  to  the  phynoLi^ical  viinimum.  It  is 
that  when  uiice  Koch  a  diKproportion  has  made  its 
^pcarance  the  dilatatiim  will  be  (xmfltatitly  progressive  and 
fcerefortJ  increasingly  difficult  of  removal.  From  the  fnoc- 
>naJ  character  of  the  condition  it  follows,  moreover,  that 
estimation  ptul  tnoH'cm  mnst  be  attended  with  the  gToatest 
9crriatnty.  I  lately  warned  yon  against  the  danger  of 
jming  to  o  ha^^ty  conclnsinn  aa  to  the  functional  capacity  of 
to  b«*rt  tii'r<i  vilam  from  the  apparently  histological 
ity  of  its  muscle  -,  to-day  I  add  a  similar  warning  with 
to  the  expresnion  of  an  opinion  as  to  whether  yon  have 
ttttn  you  a  relative  or  an  absolute  dilatation  of  the  heart. 
ar«  of  conrsc  extreme  cases  that  admit  of  no  doubt, 
an  enormously  dilated  left  ventricle  is  enclosed  by  a 
scftTcely  a  line  in  thirkness ;  but  when,  for  example, 
leart  of  an  individual  with  aortic  insufliciency  has 
in  diofltiile  ,  the  left  ventricle  may  appear  to  l>e  very 
ind  decidt.'dly  thin-walled,  althoagh  it  ha<l  adequately 
-ed  it^  (unction  up  to  death.  In  general  it  may  bo 
npuu  a«  certain  that  the  great  majority  of  Ihosv 
Cted  mth  heart  disease  do  not  die  until  a  marked  dia* 
ICO  of  coni[}cnBiition  hax  tAken  place,  eo  that  you  may 
lUfeumc  the  dilataliou  to  be  absolute;  nevcrtheleas. 
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it  will  always  be  woU  to  tscak  tbu  dctvrmlum^   imiilitnitTOi 
criteria  elgowhoro.     Thus  in  inBuffioicncy   of  the  norta,  ai 
cxcentric  lijpcrtruphy  of  the  right  vcntrielu  a0unls  a  itiurbl 
more  convincing  proof  of  distnrbanco  of  compcnBatioii  thnn 
does  diiaution  of  tbo  left  ventricU',   howmrcr  pnmoonccd 
and   erory   trace   nf   onccrtniiity   diaappoar^    wBcn  cBdifniA,^ 
notmug  liver,  iiidaration  of  the  splfon  and  kidnoyf  in  nliortp 
when   in   the    remainder  of   the   body  tho  signs  of  aev« 
rcnoas  hjpenDmia  aro  prosout. 

Toanm  np  our  diBcnmion — -wo  set  oat  from  tho  oonsidcr&tir 
that  the  work  done  by  the  heart  in  8ysU)lc  is  under  nnrmal 
circnm stances  a  Tory  Tariabte  amonnt,  being  greater  or 
in  proportion  to  the  magnitade  of  the  dcraandK  mitde  un  ibn 
organ  by  the   differing  vital   conditions.     ThiB  is  possibU 
bceauHti  tho  functioual  capacity  ot  the  hc»ri  tit  no  mrich  mor 
coQsideraNe  than  the  ordinary  average  vital  cOD<lilions 
the  claims  u|)4>n  its  work    nece^^iitate,  »«>   that   thin   • 
may,  through  a  variety  o(  morbid   infliiii^ticcs,  bo  dtin.-i- 
to  no  inconsidunible  extvot,  and  yet  suBicv  for  thuve  avei 
coDditiuus.     Again  tiio  functUinal  power  of  thi*  heart  is 
groat    that    it    is    possiblL*    for    it    to    satisfy    rhtims    e^ 
of  »    quite   exorbitenk  chuructvr  such    as    far  esocwd    11 
limits  of  the  onliiiary  i-ital  conditions  :  thongh  tn  meet  sticl 
dumaods  pemiauL-Dtly,  au  h^ijt-rtrophy  of  thu  whulu  or  n  vtngl 
diviaiou  uf  the  heart  its  neccrsary.     Bat  For  the  roaint 
of  a  circnlation  which  Khali  lit^  in  spite  of  throe  andiiubti>dl)*' 
pathological  conditions,  in  all  esKcntial  paHidulani  nnmial,  thi 
existing  contractile  suliHlancv  mnnt  be  continually  etratnedf 
to  tho  nlmudt  :  and  the  noconsion  of  any  factor,  wluUevrr  it 
nature,  which  diminishes  tho  eocrgy  of  the  cimtractiU.*  Mib 
stance,  inimediatcly  tells  on  the  circnlatiim  n  mirli  a  way  that,] 
conti-'nipciraoeuusly  nith  the  dilatation  nf  one  ur  mfire  divi- 
sions of  tho  heart,  the  lu-leriul  presourtt  mnks  liulow  normal, 
the  ventwis  prrMuro  rise*  abovo  nonnal,  and  thp  velocity  mI 
tho  blood-stn'imi  decrPB*efi.      These  are  ihi)   broad  filature*, 
which,  it  is  true,  may  prtTsetit  tho  utn)ft»t  variety  !»  <'"i'--->ibui1 
coses.      In  one  individual  advanced  in  tifo*  tiw  '■  nt 

may  be  the  neat  of  exlen.»tve  indumlituifl  iir 
ifuds  of  th«  coronaries,  in  another,  niU-ifici 
valves  may  giT^^^AAD  Ki'veiv  stei 
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orifice — jet  both  person*  contiiiuo  perfectly  woU,  becanse  in 
tliv  fnmior  tliL*  porLioim  of  tbo  hcart-iiiuik.'le  atill  iininipaired, 
m  ilie  Initor  tlio  ouortooaB  hyportraphy,  suffice  for  the  mainte- 
icoofa  re^lurcircaliLtiou.  Thusyeai'smay  p&)ui  till  at  last, 
old  man  falls  a  proy  to  a  pneumonia  or  a  Lronohitis  witb 
RTer  or  a  bar!  »ltm.'k  of  cutcrit.iK,  und  after  a  short  timo  tho 
of  cardioo  iiuiiffitrioney  with  ODdema,  changed  arinary 
etioni  Su!.,  mako  their  appearance.  Or,  thero  may 
rite  in  &  yonng  wonmn  the  subject  of  a  sovcre  rheumatic 
fever  a  marked  acut«  insufficiency  oE  the  mitraL  Only  too 
ipidly  a  h));^^  de^'rcct  nf  dyspnoea  sots  in,  hor  urine  becomes 
inty  and  rcd-<'olourcd,  hor  boo  cyanotic,  the  liver  swells 
and  the  legs  are  the  seat  of  considerable  anasan-a.  Gradu- 
>l"  '  ^vover,  as  the  fever  sabsiden,  the  state  of  the  patient 
t  .  -.   the  ooUeuia  disappears,  the  urine  becomes  more 

pleottful,  the  face  asKumes  a  more  natural  hue  ;  and  thongh^  as 
i-  I '  It',  ^uIIH'  dyBputea  still  remains,  sbw  can,  provided 

'  li  in>  prtulent  and   quiet,  lead  u  perfectly  contented 

exi«t«nce,  and  aiteud  to  her  honwhold  duties.  On  guiog  np- 
»•'  ^  !  1h  Inie,  che  will  be  troubled  now  and  always  with 
r  -^  of  breath,  but  the  inconvenience  is  only  temporary  j 

she  pSAHM  through  a  couple  of  pregnancies  without  any  draw- 
ck,  and  idl  goes  well  till  she  is  attacked  by  a  puerperal 
pver:  in  a  bliort  time  all  the  t^-pical  symptoms  of  cardiac 
ieienoy  are  again  present.  But  the  patient  reoovora 
I  this  attack  also,  and  again  lends  for  years  a  perfectly  snp- 
}rtoble  exietencc,  although  the  loud  systolic  murmur  audible 
al  the  apex  and  the  intonsiftod  second  pulmonary  aoand 
re  only  too  clearly  tho  permanence  of  the  mitral  disease. 
finally,  however — perhaps  when  the  woman  has  lived  to  bo 
*^*ty — iho  right  ventricle  gives  way  to  gradually  increasing 
itigiio  and  oxhaustinnt  and  there  is  developed  anew  that 
kleful  and  this  time  fatal  aggregate  of  s^Tnptoms,  to  wbich 
the  patient  after  protraotod  and  painful  suffering  snccnmbs. 
Ln  a  ihinl  case,  it  is  sad  and  depresFiiog  emotinns  that  impair 
le  compensation,  so  far  excellent ;  while  in  another,  tho 
(ailuro  of  compensation  dates  from  enormous  physical  exor- 
ti  III  that,  hwl  the   heart  been   normal,  might  por- 

'■■eu  attended  with  wofRe,  posaibly  immediately 
molts,  but  which  in  the  hvpertrophied  organ  has  oc- 
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casioned  a  considerable  lost  of  cuntracUle  ponur,  it  in*f 
hy  immodoratc  strctcluDg  or  cvou  raptaro  of  its  mtucnl&r 
fibrofi  :  to  cases  of  this  kind  the  designutinti  ''oviTstraiii  ol 
the  heart,"  M  prcfposod  by  Fmentzel*  might  l>Dappropriatclj 
applied. 

Bnt  whntorer  bo  tfao  cbdbc  of  the  disturbance  of  coxo) 
tion,  it  cannot  hare  escaped  yva  that  its  effect  un  the  cireab-' 
tion  in  general  differs  in  no  essential  particular  from  that  rosoH- 
ing'  from  the  abnormal  inrreaso  of  perienrdial  tension.     In  faet^j 
to  anyone  who  bears  In  mind  the  intimate  interdopcndonc«| 
of  the  two  phases  of  the  heart's  activity  it  cauoot  appear  the 
least  strange,  that  the  imperfect  action,  whether  of  the  unction- 
pump  or  of  the  force-pomp,  ahoold  in  its  consequences  to  tlit»1 
circolation  amonnt  to  one  and  the  Bame  thing.     The  reason 
why,  in  spite  of  this,  the  lesion?  of  each  category  cannol  b*«j 
identified  the  one  with   the  other,  is  to  lie  sought  in  tlit*  iin-J 
portant  fact  that  disturbance?  inrolving  themachiiiet3'of 
force-pump  can  be  compensated  to  an  s^tonisliiutr  degree  byl 
increasing  the  motive-power  of  the  pump.      While  the  motive- 
power  of  the  heart  coulinueB  unimpaired  it  is  hardly  possible 
for  leifions  of  any  character  lo  interfere  witli  the  pfrf«innancitl 
of  the   force-pump;    the   regular  work   done   is  iiiiui*?diutely [ 
dependent  on  an  adequate  measure  of  motive- force,  and  stoDdsj 
or  falls  with    this.      But  againet  anything  that  deningi>K  thvi 
action  of  tlie  auction-pump  the  mutive-force  of  the  heart  isj 
of  little  avail.     For  even  though  the  suction-power  of  a  vwryi 
muscular  ventricle   is  incontet*t»bly  greater  than   that   of  a| 
weak  Duv,  yet  an  actual  impediment  tn  the  flow  fn.>m  the  veins  j 
into  the  heart  cau  hardly  ariae  out  of  this  relntiontthip ;  asdi 
nt  any  rate  it  will  Iw  very  in&igiuflcant  as  rutrtpareil  with  the 
impediiucni  reKultiug  from  increase  of  jienrHrdtnl   tension. 
But  sinco  the  greater  or  lees  energy  of  the  heart  is  of  no] 
importauco  in  tension  of  the  pericardium,  the  object  of  the 
physician's  treatment  cannot  in  such   r-aAes  be  to  add  to  tlusj 
energy,  but  solely  to  ramovo  the  factor  increasing  the  li^nsiony , 
i.  e.  the  lesion  itself.     It  h  ]>reci.<cly  the  contrary  in  derangi'- 
monta  of  the  force-pump  ;  fur  tbc  primary  diitewe  is  lu>rtt  as 
a  rule    incapable    of   correction,   so    that    the   aim    of  the  J 
physician  mast  be  to  maintain  the  motivo-for.       ''''■■  hsart 
•  FncDtMl. Xmm Oiarit^'ADaKlto.  vi.  tSSi, 
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in  fiocb  a  comlitioTi  as  shall  render  the  complete  compensation 
uf  ihi'  lestun  possible'. 

From  tho  point  of  riew  of  this  contrast  between  iioperfec- 
ttons  of  the  BOctioD*  and  those  of  the  force*pump,  a  special 
kintorcfit  attaches  to  a  further  variety  of  cardiac  lesion,  which 
hns  w»  f»r  received  only  passing  notice,  namely,  disease  of  the 
tnfui-pid  ralvf.      Affections  of  this  valve  are,  it  is  tnie,  un- 
tcotnmon  ;  as  has  already  been  stated,  stenosis  is  to  be  classed 
>«itli  the  greatest  rarities,  and  insafficieacy,  while  indeed  com- 
ing mach  mure  frequently  under  observation,  is  mostly  aaaa- 
ciatt^l  with  severe  mitral  ur  aortic  disease,  so  that  au  uppor- 
tanity  of  estiniatiug  thu  isolated  affection  rarely  preaeuta  itiieli. 
but,  b^iwever  small  their  practical  importance  may  be,  they 
theitrftically  noteworthy,  inasmuch  au  they  cumbine  ih& 
itinrilien  uf  Uw  lefiont  nf  both  categories.      In   eo  far  as 
loy  damage  tho  force-pump  we  have  considered  them  already, 
luLve  dwelt  on  tlie  fact  that  it  is  the  hifpuHTophy  uf  the 
anrirlu  which   I'ompt'UHitca   tho   prejudicial   effects  of 
Uie  Intnn.     But  the  nglit  auricle  furnishes  only   a   fraction 
of  the  energy  employed  in  convoying  the  blood  from  the 
•  Ayatomic  voins  into  the  right  ventricle,  and  another  source  of 
*r,  such  US  that  pi-escnted  by  the  right  ventricle  in  main- 
lining tho  circulation  through  the  pulmonary  veins,  does  not 
bi'rt--.     C-nnseqncntly,  lemons  of  tho  tricuspid  are  also, 
been  said,  imperfections  in  the  suction- pnmp,  and  the 
is  accordingly  almwl;  incapnble  of  effecting  their  com- 
Bttxation.      We  observe,  as  a  matter  of  fact,  in  xnytt^ciency 
0/  Ihv  trirtiMpUl,  denpito  the  hypertrophy  of  the  right  auricle, 
a.  vast  rttnigrade  blood-wavo  passing  back   into  the  venona 
9m  at  the  very  moment  wheu  the  contents  of  the  latter 
3itld  he  [K>ured  most  plentifully  into  the  heart.      It  is  ob- 
vionfi  t  hat  thu  eacnpe  of  blood  from  the  veins  must  be  impeded 
iheroby.  even  though  tho  rise  of  mean  veuouK  pressure  is 
Bmally  kept  within  moderatu  limits  ;  this  being  due  to  the 
cirramstaiicu  that  the  backward  movement  of  the  blood-wave 
bvTiMl  by  the  nearvsl  closing  valves,  and  that,  dnring  the 
'tling  ventricular  diaetole,  the  large  veins,  being  ab- 
dislonded,  drive  their  contents  toward   the  heart 
~-~  ■    -iding  increase  of  force.     In  gttmnifis  0/  the 
lans  atagnatioa  will  be  stiU  more  consider- 
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tt^le ;  flo  extreme,  indeed,  that  this  valvulAr  leMon,  uiOik«  al 
others,  jiroves  after  a  Khort  [leriod  without  exception  iletttruiv 
tivo  to  the  gvucral  circnlation,  end,  by  rcosou  of  its  abitoltiU* Ij 
incurable  character,  is  more  {Hrnicious  ercn  than  arc  poi 
cardial  exadatioos  oE  large  rolnme. 

Another  factor  iu  the  cardiac  activity  which  ba^  w  far 
received  hardly  a  jmssiiiiL,!'  miticc,  must  aow  bo  niiuutdy  (iii 
cussed  ;  1  refer  to  the  pulM'-rate,  the  /re'/ucnctf  uf  the  hrart't 
eonlractioTis,  wfaoRe  accurate  consideration  you  will  alreaJj 
haTD  noticed  has  not  formed  part  of  the  foregoing  eipnifitit 
We  ishuuld  properly  ct^miroence  by  investigating  if  the  pi 
cesses  already  dencribed,  whether  impaii-ing  or  not  thi*  wtirl 
of  the  heart,  exercirr  at  the  wamo  time  any  injlftmee.  im  iJn 
frequency  of  Ihe  kearl-hvah,  and  if  ro  nf  whal  luiturr,  Unl 
if  yon  reflect  here,  how  manifold  are  the  agfneiei«controllin| 
tho  frequoney  of  the  pulse,  tho  imposftibiliiy  of  establiiihr 
a  deHnit<e  ndationKhip  of  dependence  between  thoao  pmeeiMi 
and  the  pulao-rato  will  soon  be  apparent.  The  latter  reauli 
as  in  well  known,  from  (i)  the  action  of  tho  intrnrnrdiar  cc<niivj 
also  called  the  cardiac  muacnlo-inoCor  nerve-et'Utre  ;  (2)  thi 
action  of  the  vagui  ;  and  (3)  tlie  action  of  tho  acrfi}t*aUrr  n^rttJi^ 
distribnted  to  the  heart  by  tho  sympathetic.  Powerful  iitinii 
latioii  of  tho  cardiac  gaiij^lia  not  only  (strcnj^hcnH  the  carr)ii 
ContractionH  but  qaickena  the  putsc-mto  ;  tttimuhitioti  nf  th< 
accelerator  nerres  ha*  the  same  effect ;  while  irritation  ol 
the  vaguH,  aa  la  well  knon-n,  dimini.fhea  the  fref[uency  of  tb4 
heart-Heat*.  Tlie  inhibitory  centre  is  in  a  condition  of 
mauent  excitation,  ho  that  any  enfeeblement  of  it  haa  u  sul 
staatial  influence  on  the  ptil»e-rate,  a  factor  absent  from  ll 
Accelerator  Assuming,  now,  that  in  an  indiriilaal  nilh  iin' 
perfectly  compensated  mitral  stenosia,  these  varioaa  nerves 
are  not  acted  upon  from  any  other  Kitle  of  the  itryivax^^- 
iti  other  words,  nil  remaining  inlhienceH  maintain  a 
cqailibhum  tto  thnt  the  normal  mean  rreqiienpy  »l  tho 
would  1*0  the  rcBiilt  of  their  njction  ;  how  will  the  nmnl 
hearObenta  in  the  unit  of  lime  Im  nfTcetrd  hy  Ihft 
leftion    in    imcb   a   peri^on   f       Yon   know   that  tho  pn)4J 

in  the  left  ventricle  and  the  arterial   pn  ■ '■'■  — rr~v 

lowered    below    normal   in   uncompensti! 
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Consoqacntly  (i)  the  wall  of  the  heart  is  less  distended  and 
iU  intt^mtO  Hnrfnco  less  stronp^Iy  stimulnied — hence  shiein^ 
uf  Uic  puW'-ral-o  ;  (3)  but  the  vjvgiis-centro,  of  which  the 
htnod-prtwsnro  i»  a  natnral  f  xciter,  t*  al:w  moro  foobly  stimu- 
lated— kfncii- ifuifhtniruj  oi  the  puW-ratc  ;  (3)  the  decrease 
in  the  vol'w?ity  uf  tho  circulation,  whicli,  aa  you  know,  accom- 
puniea  the  cardiac  lesion,  loads  to  a  loss  ncHve  exhange  o( 
98  in  tho  lungs,  and  the  blood  beoomee  abnormntly  rich  in 
/ewrbonic  acid  ;  Imt  an  increase  in  Uiu  qoautity  vi  carbonic 
acid  contained  in  the  blood  prtnluces  strung  irritation  uf  the 
iH-cvutre — thurefuru,  a^in  sUnctintj  of  tlio  pulae-rate  ;  (4) 
rnAouUl  tbo  centripi'tal,  sensory  nerves  of  tho  internal  surface 
of  the  heart  be  excited  by  the  excessive  dititamiion  of  the 
l-fk  narinip  and  by  the  diNeasml  timidition  of  themitrnl  itself, 
»  reflex  be  t-onimiinicated  thuneo  to  the  acceleral'Or — the 
Itienco  is  aecrb-ralion  of  the  pulsu  ;  (5}  clinical  observa* 
tion  has  rejieaU'dly  hIiowu  that  in  fatty  degeneration  of  the 
bmit  the  piilse-mte  ih  flowed,  prcKntimhly  )iecaasi3  thp  nsnal 
itimuli  arc  hero  inaile(|uate  to  aei  up  aeontraction  ;  should 
thorcforr.  a^  often  liappenn,  a  fatty  degeneratiun  of  the  hi^art^ 
nuueU)  roniplicato  the  mitral  KtonoRis,  we  have  here  a  factor 
cafublo  of  deereasing  the  raU  of  the  pulse.  Bnt  what  holdM 
IfiMMl  in  Htenostii  of  the  loft  auricii In- ventricular  orifice  might 
be  shown  to  apply  to  the  other  cardiac  lesions^  and  it  will 
aoconlingly  lie  evident  to  yon  without  farther  comment  that, 
M  I  alpoady  indicated,  a  ronstaHt  relationMhip  between  the 
r«niiar  la-xioH/t  nnd  M<'  J'rf^itenry  of  th':  pulse  Hoex  not  etiJit, 
Tbo  frequency  of  tho  heart-beatM  in  increased  or  diminislied 
nrdin^  tu*  «»ne  or  other  of  the  factors  in  question  prepon- 
or  should  all  of  them  unite  in  utaiutainiiig  the  equiti- 
brittfo  lite  pulse-rate  continues  normal.  But  in  particnlar  it 
excite  no  istirprise  that  the  fre<|uency  of  the  puke  Hhould 
diffvrt<nt  |turiuilK  vat)'  cxtruordinnrily  in  ono  and  the  same 
caoo  uf  cardiac  diwaec.  Mureorer,  if  we  consider  thai  natri- 
t  '  wh'ilf  BufTern  in   cou)40r|uerico  of  the  cardiac  lesion, 

(ho  cunstiLuliou  of  tho   blood    muni  Im>  gmdually 
IU»r^  Aud  that  this  change  raDxt  react  on  lbs  excitability 
'tua;  if  we  coll  I  !  :!  that 

'M.in.'S    as    well     ilJ*      :  iiri^ 

exposed  to  (ntJgua  and  exhatuti'  ' 
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morbid  processes  in  ilie  lieart ;  tbcru  can  be  no  dtflBctiltT' 
accotintinj^  for   tbo  frufiaunl  appeuraoce,  eHpecially  iu  ad- 
vanced steges  of  the  disease,  of  the  must  pronounced  tiregu-j 
larity  in  the  rhjthm  of  the  canliac  c<^)ntracti<fn,  an  nrhylhmia\ 
of  the  pulse,      [f  Heidetibain*  waB  able  lu  show  tliai  iu  l>er-( 
foctly  strong  and  healthy  dogs  a  considerable  risd  oE  arlerinl 
pre&sare    makes   the    heart-beats  arhythmifal,   lieraau   the 
cardiac  and  inhibitory  nervous  Rystemsuredispropurtiijaatelyj 
excited,  and  that  after  chloral-poisoning  even  a  moderate  rise] 
of  prpssnre  has  the  same  effect,  we  can  rertjjinly  cxperient 
no  Harprine  at  such  an  occurrence  in  persons  »affenng  frai 
heart-disease,  where  the  excitability  of  the  norve-oentros  in 
Bobjected  to  disturbing  influenres  of  tho  most  varied  kind.f 

As  we  have  seen,  a  constant  relation  of  dependence  between, 
cardiac  lesions  and  the  frequency  and  rhythm  of  the  pal 
does  not  exist ;  hence  the  other  side  of  the  qnestton.  or  M«| 
manner  in  vhich  aiterotifm*  in  the  frfifwuu-y  of  Uw  ftuhtenffnei 
the  circHlntiotif  may  lay  claim  to  greater  interest-     Yon  know] 
that  nndcr  normal  conditions  the  number  of  hearb>boat4 
by  no  means  the  same  in  all  individuals,  that  tt  is  mbjoct 
a  variety  of  fluctuations  according  (o  the  age  or  nox  or  nix 
of  the  body  of  an  individual,  a»  well  as  to  the  pLTiod  of  thul 
day,  and  that  it  i«  moi'eover  every  moment  extremely  aui 
ceptible  of  variation  ;  psychical  iutluencus,  muscular  acurity. 
digestion^  nature  of  the  respiration,  and  many  other  aget 
tell   on  the  cardiac   pulse-rate   iu    one   or  otber  diivetiun.; 
While  wo  have  here  to  deal  with  alteratJuna  of  traitttiti 
character,  there  are  some  discascH  in  which  meet  markod  and ' 
peraistcut  changes  in  tho  frequency  of  the  jmlse  ariiu^i  ufj 
courso  throngh  iho  agency  of  ono  of  Lho  nervous  mecliautt 
already  mentioned.      Everyone  knows  that  thn  pulse-ratv  in 
iuoroascd  in  fever;  that  it  if,  on  the  other  baud,  decrei 
in  iotoras ;  while  the  effect  produced  in  the  latter  case  by  tl 
salts  of  the  bile  acids,  is  indnced,  in  intracranial  tomoars 

•  IloidonliKp,  ■  Pflud,  AxvU.,'  f.  p.  143. 

t  TnMilw,  •«!».  AbhiU.,"  iil.  p,  47,  1S3.     NoUiaiy-»l.  '  Upotarh.  An*. 
liUn.  Mod.,*  ivii,  p.    190.     Mufy.  '  Trev.  da   I^bont,'  i6;fi,  f.   ^4 
Sotomerlirodt,  ■  D«iit«rh.   Aivh.  f.  klin.  M«d.,*  xti.  p,  31/3.  xiiii,  p.  $42; 
KiwJl,   'An-h.   r   Mjurr.    Palli-.'  ii,   ^^    3S0.      Itu»«tut«iii.  '  Ikri.    kl 
Wucbwiuolir.,'  1S77,  NV  j^ 
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basilar  meningitis,  by  pressure  on  tbe  vngns-contre.     What 
-'■Mtf  of  iho  blowl-strcBtn  in  pn-sonce  of  those  souie- 
vo^MJsive  iiUomtiong  io  tbe  frv(|ueiicy  of  the  cardiac 
cotitnu^iiotts  P 

Tht'  opinion  tliattho  velocity  of  the  blood-stream  iticrea»e(i 
with  the  ftLTfliM-Jitionof  the  cnrdiac  [luUe-ntlt*,  and  decreaseH 
wttliitMrottinlatiou  is  not  conjiiicd  to  the  laity  alone.  Never- 
tbcloss,  tbo  very  vanationa  which  are  iu  this  rvspect  t>vuii 
normally  apparent  should  by  tht-ir  uxtvut  huvo  thro^vn  doubt 
OD  the  conclnsinu.  Moroover,  irritaliou  of  tbo  vagus  when 
not  eiLcoNtive  ((.'uclies  that  a  luoderatu  t$lowiu^  of  the  puUti- 
rato  OMTtd  »liiMiluli>1y  no  iiiBueiicu  on  arterial  and  tcuous 
pKimare,  and  by  couseqn«uce  none  on  tbe  velocity  of  the 
bW)i]->tri'nin.  Indeed,  Ibe  mean^  resorted  lo  by  the  urgani^^I 
for  the  regulation  of  the  eSocfis  attendant  <mi  the  varying 
frvquoncy  uf  the  pnlse  are  extraordinariiy  Himplc.  Thoy 
depend  eawnitHlly  on  tlie  circnuiRtanee  timt  in  theae  altera- 
ticins  in  the  piiUc-mto  it  i»  not  the  duration  of  the  single 
Hyaiulea  bat  uf  the  lUaHolea  that  is  alti<red ;  whore  the  pnlae 
m  FMpid  tho  latter  bocome  shorter,  where  t<low,  longer.  IF 
noir  tlio  fref|ueiiey  of  the  pnlae  is  decreased,  the  ventricle 
rDccivcM  in  diastole  a  mora  abundant  sapply  of  blood,  so  that 
the  nt-itt  BVsti'le  can  eject  so  much  mure  into  the  arteries; 
if,  nn  ibo  other  hand,  tho  pnlse- frequency  is  incronsed  and 
the  Mocond  syMole  succeeds  the  first  with  abnormal  rapidity, 
BD  altnomially  "mall  qiiantity  of  blood  flows  from  the  veins 
into  tbr  Ventricle  in  the  iuterval,  and  the  amount  of  blood 
ttirown  into  the  arteries  by  the  latter  18  diminished.  But  if 
(nibrr  n  pnipnrtioimtely  larger  cjuantiiy  L>f  Mood  Ito  thrown 
into  the  arteries  fifty  timcH,  or  a  pr*ii>nrtionalely  smaller 
qnantity  »  hundred  timeK,  iiia  evident  that  tbc^o  veaeela  will 
"  :i»  well  IJUed  as  if   tho  normal  quantity  were  (hrowi* 

!  ui  Reveoly  times.     Jt  ii*  here  preBujipotsed,  of  coiirne^ 

thtttlbumuscular  power  of  the  ventricle,  i.v.  its  motive  forco, 
tj*  rionnnl.  Slinuld  it  by  diminished,  the  ventricle  is  not  in  a 
condition  to  cujje  nueceMtfully  with  the  lar^'O  quantity  of  blood 
tbal  bns  flown  into  it  during  the  prolonged  diastole  ;  it  is 
poesibU',  indeed,  that  it  may  fait  to  coniniunicate  the  news- 
nry  impul^i^  even  to  the  8mall  quantity  entering  it  when  the 
diastole  is  cmrtailed.     On  Che  other  hand,  an  hypertrophied 
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ventricle  will  be  capable  t»f  coropensattug  »  very  con«t<iwnl 
derive  of  reUnlatiou  uf  tbe  puUe,  ^BpcciaJly  if  it  be  lUxo 
dilated  ;  and,  ilion,  if  tlic  Iroquency  of  the  polso  ia  inorcBcodr 
it  will  actually  raise  tlie  arterial,  oad  lower  tbe  veoou!*,  pra»- 
fiaro,  and  thus  accelerate  the  blood-stream.  For  tin-  blood 
flowitif;  friim  tbe  auriele^at  first,  it  is  tniej  n  fuuoll  qaoiitily 
owiii}^  l«  tliw  f>Iinrt  danttiou  of  tbe  diastole — will  l»i«  dnvLto 
witb  frrcatly  iucrcaaed  velocity  iuto  the  arteries  by  tbe  hyper- 
trophied  Tcntriclo  ;  and  after  tbts  has  occarred  a  Uv/r  iiine^ 
the  acceleration  will  bo  propn;^ted  un  into  tbe  vein>4  oIho, 
ODt  of  which,  duriujr  the  veutricular  diaittole,  the  blood  will 
now  tioir  with  increased  rapidity.  Tbe  shortncsa  of  the 
diastole  ia  then  coinpcnitated  for  by  the  acrH-leratinu  in  the 
movement  of  the  blood,  bo  thai  a  moment  soon  nnivea  whett 
the  normal  qnantity  of  blond  tiowx  into  tho  rentriclo  at.  each 
dia8t<»Ie,  despite'  its  brief  duration.  But  if  the  same  quantity 
of  blood  be  transferred  from  thn  veins  to  thc^  art<mM  * 
hundred  instead  of  seventy  timt*a  per  minuto  tltero  reaiilta  a 
vine  of  tonsion  in  tho  lafctor  and  ii  fall  of  lonsion  in  the  fnmirr^ 
and  the  rotority  of  tbe  bhiod-ntntiun  Lh  in  conaequenee  uog- 
mentod — a  recall  wluch  need  not  ensue  on  an  increase  in  th« 
frequency  of  the  pnliie,  were  the  motive^foroo  of  tho  h(<!art 
normal. 

You  aoe,  cvcrjtiiing  hinges  upon  the  m/tlir^JianM  of  ib^ 
heart,  upon  tho  strength  of  the  contractrnn  cd  the  bearl- 
muHclc.  Bnt  it  haA  already  Iteen  Hhoiv]i  that  a  heart,  vrhiiM? 
motivu  fureo  is  diminialjed,  must  bring  abont  a  luwerin;;  oi 
mean  arterial  pn'Msure,  and  that,  on  the  contrary,  a  heart, 
whoso  moKcle  works  more  powerfully  than  nonnal,  must  ea«w 
a  rise  of  tho  same  ;  tbuHnn  alteration  in  thr  fmjuency  oflho 
palsQ  can  merely  ^omewbut  aecentnato  or  sitft<.*n-di)wn  tho 
effects  of  these  f&ctur?.  in  fatly  heart  the  nrtcrini  trnAioit 
will  be  low  in  proportion  an  the  cardiae  contractions  aro 
infrequent ;  in  hypertrophy  of  the  left  ventricb?  it  trill  be  IIm 
more  considerable  tho  gi-eater  the  frequenry  of  tJio  polce. 
Ou  the  olber  hand,  tlu>  circulation  in  no  indi^Hduul  with  enr 
iovinum-  will  be  little  neceleratod  if  the  rhythm  of  tho 
heart-beal«i  be  nlow. 

TbuftO  coneidi!  rations  perfectly  accord  with  the  Gael  alrL-ady 
munlionod  that  feeble  or  modemto  stiniiilatittn  m^  ihn  viigtia 
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f^vvm  rwc  to  uo  chuii^  of  blood -prussa  re  whutever.  Nor 
has  section  uf  the  vof^,  nftor  wliich  tho  pnlso  increases  con- 
Ritlrnilily  in  f wqnency,  any  uBcct  tin  tho  blood -jtresBurt' ;  no 
more  hiui  atimnlation  of  iho  n.  aeeflfvans^  altJiough  this 
qtii(-ken!«  the  jmlse-rnte  from  20  to  30  per  cent.  In  jnutidice, 
10*1,  tho  radial  artery  is  not  by  any  monna  readily  comproa- 
■iblo;  pro\'id(*d  no  other  uoxious  ioflaenoo  capable  of  affect- 
ion it  bo  preiieDC,  its  mean  li>nslon  is,  as  a  nile,  normal. 
"With  n'f^rd  to  pyrciiaj  markcdj  aa  italwaj-B  is,  by  increased 
freqncDcy  of  the  pulso — here,  tnora  than  elsewhere,  ia  the 
impnrtnnce  of  thu  heart's  niotive-forre  to  tho  blofKl-juvsnnre 
and  velocity  of  tho  blood-atreani  appawut.  For  tlieiv  are 
fr^bnlo  discaseti  in  which  tite  arterial  pulso  is  hard,  full,  and 
lnrRp  ;  and  otli£-r«  where,  the  tension  being  inconsiderable, 
ibi*  piiLte  it!  Buft  and  easily  compn'twible,  wliile  the  sbght 
cy&Dotic  reddening  of  ihc  chevks  and  lips  and  the  coQlness 
cf  the  extremities  cipnrly  p"jint  to  a  ulowing  of  the  blood- 
ertream.  Thus,  if  a  few  gi-ainu  of  fresh  pus  or  of  purulent 
Kpatum  be  injected  under  iho  nkin  of  a  dog,  there  enmos 
within  a  few  hnurs  a  riw  df  rectal  temperature  of  two  or 
even  tliree  degrees ;  if  tho  carotid  bo  now  connected  with  the 
kymogmph,  you  obserre  n  carve  of  remarkably  low  mean 
prcssnn*,  and  at  the  pnmo  time  very  low  and,  by  way  of 
rtjinpt'mtatjoii,  luorv  numerous  pulso  eievations.*  Again, 
FaarhutiDft  experimenting  in  Ludwig'a  laboratory,  observed, 
iFn  pxpiHfing  dogs  lo  the  elevated  tempeiuture  of  n  bot-air 
chamber,  that  meaRnremcnt  of  tho  blottd -pressure  in  tho 
mrotid  showed,  as  a  ndc,  a  not  unimportant  rijtc  coincident 
n-ith  the  increase  in  the  frcquonoy  of  tho  poiKO  ;  this  con- 
linned  till  the  rectal  tenipemturo  reached  the  value  of 
4fO — 4.t'6^  C,  when  on  Rtill  further  heating,  a  rapid  fall  of 
pnomDm  in  e<Miseqiiencp  of  cardiac  puriilysis  mndc  its  appear- 
anoo.  Ilenee  it  can  no  longer  seoni  strange  to  yon  that  in 
ntHnuroux  cascn  of  extreme  acceleration  of  tho  pulse  due  to 
cnuaeM  nthfr  than  increased  temperature  of  tho  blood,  as,  for 
iiiRtiinre,  the  norrons  ptilpitatinn  of  chlorotic,  ana?mic  indi- 
ridoftls,  and  in  many  examples  of  Basedow's  disease,  (he  pnUe 
■himlil  be  Imt  Irttlc  dislcndc-d^  small,  nnd  weak,  while  at 

•IT'^'     ■   ■       '■■   c- AroJi.,' V,  p.  10;. 

t  Ta  1.  Bltth.-Phys.  KL  d.  Leipa.  Otg^'  1S73.  p.  95. 
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other  tunes  in  attacks  of  palpitation  it  presents  cfaamcl«r8 
tfao  T«7  rererse  of  these.  For  von  know  that  one  and  the 
same  heart  maj  work  with  liiffereot  degrees  of  energy  nt 
different  periods,  and  the  height  of  the  blood-preasare  and 
rapidity  of  tlie-  blood-stream  are  far  more  dei-  >m  thiv 

factor  than  on  the  frequency  of  the'heart's  cmi  -is. 

Accordingly  it  will  appear  to  yon  snperfloous  to  describo 
ia  detail  how  in  the  rarious  cardiac  lesions  the  circalatum  is 
inflnenced  by  alteratiuu«  in  the  frequency  of  ihe  poise.  Hon 
loo  the  criterion  most  be — ia  the  effective  work  of  the  heart 
altered  by  the  cardiac  lesion  or  not;  and  if  k»,  i*  it  aojf- 
meated  or  Jimininlipd  ?  I  have  already  emphatically  stated 
that  a  moderate  poise-rate  orone  still  slower  isthedesideratam 
in  h}rpertrophy.  In  the  compensated  cardiac  lesioDK,  on  the 
other  hand,  it  is  certainly  always  best  [or  tliu  t-ircu1)itiou  ttial 
the  polse-ratc  should  be  normai  and  the  rhythm  regular. 
Should  yoQ,  ou  the  other  hand,  be  inclined  to  sapposo  thata 
moderate  acccleratiou  of  the  pulso-rats  mi},'ht  be  to  a  oertain 
extent  beneficial  lu  cardiac  lesions  withoat  compensatioD,  1 
will  not  altCj^thcr  dispute  thif,  but  will  merely  i  on 

thata  heartwhich  conttwrtaahundn-d  (imttiin  the  i.  vdl 

withoat  doubt  bi'  more  readily  fatigued  than  one  which  doa» 
not  fx>ntrac(.  oftoncr  than  sixty  orsovrnty  times.      Moreover, 
yon  will  at  uncc-  piTccive  that  in  Kteno!<iti  tif  the  (Tardiac  oriHcv*  i 
it  most  bo  a  sort  of  relief  to  the  bloud-Btream  when  the  he 
boats,  follow   each   other  blowly  ;   f<ir  tlit-   nonnal   iinKmnt  «tf  I 
blood  can  pass  through  the  narrow   ostium,  even  without,  ailj 
increaae  in  the  velocity  of  the  flow  through  tt,  provided  only  M 
sufficient  time  be  allowed  for  its  passage.* 

*  The  UKMt  tinjiDi'tatit  contributioti*  to  tW  |«tlt(i)i>^y  cf  tlM>  lii-Art  ux^i 
tbww  vl  Timiibe.  *  (»«MinnipUp  AhhawHnuiwn,'  Hcrliu,  1S74— 1878.     Olbrri 
eoomt  t>f  ioftiniuiUoa  are  tits  well-kiw va  trcAtius  on  diteBM*  of  tli«  hnut 
Stolus.  Friodroicli,  Ikmbfttger.  v.  I>iueh.  uiJ  Itoacnatchi.    l*he  •ketch 
hmrt<diKSM  b;  0.  BowobMli   Id  Kaleobnrg's  '  Besleac^cU^jutdt*  '  is 
wtighod  and  inlneiting,  though  the  utithof  k  MD«wh«t  prro  U>  ibeomlai^H 
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Importante  of  the  arterial  re^ataneea  to  the  e{rcuialion,—-Their 
rtyulatton. —  El^ation  of  the  total  r&nstance  hy  tonie  con- 
traclloH  of  the  n-matl  arteriV*. — Bt^n^'e*  and  dilatatiotis 
t^  th«  nmia  and  pvlnwnartf  artery. — Sclvrofi*  of  the  arte- 
r%*». '^impediments  lo  the  j>ulm<martf  circulation.— Rise 
of  prejnmrv  m  tht  IhvTacic  cai^ity. 

ConwqufiHCM  to  thi  circulation, — CoiHpfntmlifm  by 
utrtngthminy  the  henrVn  worhfOr  cardiac  hypertrophy. — 
Failure  of  comjtenjtalion. 

Diminvtion  of  the  total  arterial  reaistance. — Conac- 
fuenrev  to  the  rireulation. 

ArntR  iinviug  liitlierto  tleroted  ournclres  tu  the  study  of 
Iho  eflt^rta  which  diaiurbanccs  of  thu  normal  mnlinc  activity 
extfTCiM!  on  the  blood-stream,  wo  now  tuni  to  the  second 
factor  eo-opersting  in  carrying  on  the  circulation,  namely,  the 
vwnelii.  The  impurtanco  to  the  circnlation  of  the  vesselfl, 
when  these  aro  in  a  normal  condition,  i.  e.  perfectly  intact  as 
n*}fard)i  their  phybicol  and  chemical  constitntion,  does  not 
ciroply  conEist,  aa  is  well  known,  in  their  presenting  pre- 
vcribed  channels  to  tiio  blood-stream  ;  for  they  inflaencc  very 
eowntially  the  prcsgore  and  velocity  of  the  latter  by  means 
fif  coQtnvancea  making  ii  possible  for  them  to  oppose  a  greater 
or  less  rf*i*tanee  to  the  flow  of  the  blood.  You  are  acquainted 
with  these  coutrivancf^ ;  they  are  the  eJa/iticily  of  the  vf*iiel 
^nlU,  and  above  all  the  tniuirular  apparatus  forming  part  of 
.L  .  ... — •re  of  their  coats.  The  qnantity  of  blood  contained 
'«9»eU  i»,  ait  we  now  know,  far  from  suffictout  tu 
iiil  the  available  space  so  as  to  prodace  oven  a  mode- 
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rat«  leusion  of  the  re««el<vra1lR.*     Tn  (net  every  srti6cial  in- 
jcctioD  of   an  auiiual  ur  buuao  f^ubject  tcaoWs  liow  inucl 
Diore  liquid  can  be  taken  up  by  the  blood-vcKsi-U  Diaii  in  uor- 
malljr  oontained  in  tliem  daring  Ufo ;  and,  on  compariBg  Uii; 
nara  of  a  rabbit  aft-er  dividing-  tlio  eervical  sjTnpallielic  uf  <iiu 
side,  you  will  aj^iu  and  again  be  struck  by  tliv  euorinoti 
diffcrenco  observablo  iu  the  Ktal«  of  fulness  of  tlio  veescln 
each  side,  which  simply  signifips  that  the  voawla  of  the  i>ri 
ordinarily  contain  n  macb  1ck8  f|uiiiit,ity  of  bloml  than  they, 
can  Bccommodato.     It  is  obvinus  thatj  if  the  blood  ia  to  fiuwj 
under  coiwidenihlo  tension  thrnufrh  any   |iart  of  a  vascnlni 
Byatom  bo  imperfectly  filled,  this  can  be  effected  only  by  thoj 
interpolation  of  spocial  resistanceH  which  shall  act  by  oppii»tDj 
the  blood-strcaoj  through  that  part,     niat  the  elnsiieity  ofj 
the  arteries  is  not  competent  to  maintain  by  its  resi!<tance  tho 
arterial  pressara  at  a  high  level  wo  are  taoght  by  the  DpcT». 
tion  of  dividing  the  cervical  cord,  or  even  the  Bplftnrhnicj*  in 
the  rabbit;  for  althongh  tho  elasticity  of  the  arterial   wail.i' 
cannot  haro  snffered  in  any  way  by  this  prooednro,  yoo  nt 
once  perceive  an  enormous  fall  in  the  presanre  of  the  eattnid.t  | 
It  is  pre*eniinently  the  iiai-rowingof  tho  smatl  arteries  by  tboj 
contraetion  of  their  circular  tnuscular  coatH  that  rcnd«r«  tboj 
oscapr  of  th^  blond  from  the  aorta  dlfliciilt,  nnd  thus  imf>ar(>« 
to  the  arterial  blood-pretwure  that  t-levation  which  we  ostinutaj 
in  the  carotid  by  moans  of  tho  manometer.     Wherever  tUal 
eonstription  dne  to  mnscular  action  U  absent  or  v^ry  inocm-j 
Hiderable,  as  i»  the  cose  in  the  pnlmunar}'  arteries,  there  tboj 
blood-pressure  is  very  low.     It  ma!>t  be  admitted  that  tboj 
hypothesis  of  a  pennauent  tunic  and  nnvarving  centractioa 
of  the  circalar  mascular  coat  of  the  HyHtiiiuic  arleries,  sauli 
as  was  not  long  since  aniversally  assomod  to  exist,  cannot  at 
present  bo  ailbered  to;    fur  we  now  know,  owing  chiefly  to] 
the  reKearches  carried  on  in  Ludwig's  laboratorj'^  that  thoj 
greatest  variations  are  consttuiUy  iinmenled  here,  that  onM 
and  the  i^me  artery  is  nnw  wide,  now  narrow,  and  that,  eor-[ 
responding  with  thif«,  the   resistances  in  the  same  rosiinihirj 
area  vary  to  a  great  oEteal.      Keverlbolees,  in  a  normal  cooi- 
ditiuu  the  different  areas  of  the  vasculnr  syste-ui  aro  so 

•  Dost"'- '  Aer.  <!.  L«ipi.  G«M!lKh.  Mslb.  Vhyt.  K1.,'  iB6jt  V^  >4» 
t  Asp,  ibid^ru  131. 
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oiafed  that  the  cccntnotion  of  one  farannh  arterir  shall  ho  «v 
i  '  witb  \he  dilkUtiofiof  another,  uiil  that  i'on!tO(|UODtl,v 

t ..i.\.  of  thf  rrsiMtmmena  tehieh  eaek  miitnent  nppimr  tha  jtov 

fntm  thf  oiiria  »kaU  bt  maimtaii\ni  at  tfut  anmn  tatn*.  HiU 
is  tlio  origin  of  tho  hiRli  mean  tf-nnion  of  tho  ftrtoHnl  tiy«ti*m 
IM  t'uiitriut«-il  witli  the  mach  loirer  ImiHloii  of  tho  viMitiafi 
H^nrtmn,  in  which  xha  blood  on  \in  way  to  tho  lieArt  htitu  t<i  ovi*f 
I'Ccnio  vrr)'  triflinp  resistance*,  and  it  18  U>  thin  difTi-nMint  oi 
preii^ure  that  the  flow  fnmi  the  nrtenea  tu  the  veiui*,  ti'iidinK 
ti>  pfiuAltue  the  tensions,  U  due.  Since,  huwuvL'r,  tlii*  mto  nf 
thiii  eriUHlikation,i.i>.  the  velocity  of  the  flow  in  thi'  diifjllnriiiti, 
j<te|n*n(U  ra^U^ri*  jioribus  ou  the  atnounl  of  the  (lilTen>i)itf>  of 
rareMure  between  arteries  and  Teius,  it  ia  evident  tlint  it  t'«>r- 
jtniii  (K>}frt>e  of  disjiai-ity  is  uocctuury  in  nril(.T  tlmt  ihn  nfmiutl 
Telucity  of  blood-tttream  thruugh  tho  capillarivii  hIibII  ita  mnUi' 
tniued^  and  that  ronsoquontly  the  total  resitiawii  fippoBluK 
the  efflux  from  the  a(»rtic  syitti'tn  inuNl  nut  fall  In-luw  %  (v>r- 
bun  raloe,  which  we  tlicrafuiv  cull  tbn  noniia).  lint,  it  (((i»(> 
ttutfOn  UiQ  other  hand,  exceed  this  value,  Hiacv  Ihf  hi^ari  I'aii* 
Aot  iiijnnnlly  uvc-nmme  more  than  a  c^Ttatn  n>«iiiU(ii'ii  li^  |U 
contructitm  ;  and  consoqnently  ihent  i«  thit  dAnfCfr  It'Klj  MwiMff 
to  the  rr^aintanm  being  greater  than  Dciniial,  th«4  ayHftlti  i/iajr 
niti  be  in  a  position  to  diiMrhargo  aa  mncb  h\*«M^  into  llt'>  a'/rlM 
Oft  paattes  UircHigh  the  captlUrtea  into  tbe  ritwrti*  •fimm  in 
Ihu  interrat  between  this  and  the  raixsMrfraff  ay^t4»> 

However  enHentiidly  impnrtAat  tb«  auffViit  '/f  nwtwIailM 
pr»r«iliug  in  the  vascular  ftvutem  necirdinfifiy  *»,  Mi«<»iiiifrtM|f 
aa  it  docfi  the  normal  menii  pre— wpr,  aoH  x\tf  wi§4i  mit^ity 
of  the  Mood -8t ream,  the  orguiirm  h»M  il-vlf,  ».  I  ffntm4f4 
...n  ;.,^t  now,  tbo  iB««i»of  reg*l»»#i>(f  i(«  »f"»i.'  ••  f  m. 
thrw  varying  i*Mrt«iic«a I  H  HVvi*  tl„m  <  ..^i 

liy  that  when  tb*-  n-"iniairi'-i-«  ir.  '/f*"-  ;>  -fi.  .,  .  •  n,.    ...  jiifi 
iunal  anra  am  dimintahed  l^ivffk  dil*t*l>  'II 

in  suoUier  (Mrrtma  b*  incnawd  by  uiMrmiltaw, 
A  OMnpeosation  ^f  ihis  kind  aw.  itma,  « ■  'H 

llbMvfoiT,  oacb  iodindaal  lafar  alkMra  <l»p  ymiiay  wf  •  ^i*H 
,oiilj  of  the  blood   piiaaal  m  tW  •!•«»«  Mrttw— <  «#«•  m 
:  qoestioa  ;  it  csaaot  tteemr  ia  tknar  plfa  wlwiw  llwr  t«U 
[■•jitem  ia  nrnple,  ue,  m  ikm  anrta  iMrf 
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SacK  compennatiun  iril)  be  eqnally  impossible,  when,  in  place 
of  the  BOrtft  or  palmoiiary,  the  whole  of  the  i  ■  'i-n\  *l*o 
tional  areas  unitedly  fxperieace  a  change  of  i  ■■ ;  aiulj 

ii  will  bo  also  impossibte,  or  at  least  extremely  diffieiili,  when  I 
not   the  whole  indeed,  but  very  extensive  portions  of    the 
onit^d  sectional  areas  involved,  are  altered  in  this  way.     1i| 
will  be  advisable,  accordingly,  to  examine  next,  what  is  Qm\ 
effect  on  the  circulation  uf  alterations  of  the  retjiftunrf  in  tho 
vascalar  areas  through  which  tho  entire  or  aiinoHl  the  *^nttr«' 
quantity  of  blood  passes  in  ita  circnit,  i.e.  of  aUrrailuna  oj 
the  total  rejtifitajife  in  a  cromf'tieeHon  of  tJte  vaitcuhir  rhnmuil, 

A  possibility  will  pmbably  at  once  occur  («  each  of  you 
aa  being  tho  simplest  by  means  of  which  the  rexiiitance  of  the ' 
'\'Hscnlar  cross- section  may  experience  an  abmimial  pfiAunn*- 
Tiwnt^  namely,  the  inrreanf.  of  tonie  rotitraclioH   in   th«  amalt 
arteries,  suoh  as  is  known  to  follow  to  an  almost  nni%*prsal 
extent  whenever  the  va»c)-niotor  centre  in  the  meiliilla  oblon* 
gata  is  somewhat  powerfully  excited.     Thai  the  reHistoncea 
are  really  considerably  augmented  is  proved  by  the  rise  of] 
urterial  pressure  indicated  by  tho  manometer  in  tho  carotidi 
kc.      True,  it  does   not    fuUow   from   this  that   tho   roRt*i-| 
ances  are  increased  in  all  partd  of  the  croes-aection ;  ib  has  i 
indeed  been  shown  in  Heidenhain's*  laboratory  that,  iliirtng 
reflex  stimulation  of  the  racdnlla  oblongata,  tho  Tesselii  of 
the    skin    and  mnsclea  not  only  do  not   participate  id  |Jio| 
narrowing,   but  are  supplied  daring  the  <ittmulntion  witl»  a 
larger  quantity  of  blood  ilinu  when  the  medulla  is  not  vtimn- 
latod.     Yet  the  rise  in  carotid  presflure  proves  that  the  com*- 
pen.«ation   afforded   by  thii*   dilatation   of   the  ve9«eU  of    the 
skin  aud  roueclen  is  imjK'rfect.     You  know  too  how  the  or- 
ganism proceeds  to  deal  with  this  rise  of   pressure  produced 
by  ext^nwive  art-orial  contraetiou  ;  the  vagiiH  is  firt»t  irrilatcil 
"by  the  elevation  of  blood-pressure  and  thereby  tho  paUe-mle 
slowed  for  the  time  being ;  above  all,  however,  the  n.  (inpniuitr ! 
paasing  to  the-  medulla  from  the  heart  is   excited    by  tho 
increased  demands  on  the    latter,   and  this  at  once  brings 
about  a  remiuioti  in  the  arterial  contraction,  whereby  the ; 
original  condition  is  re-eRtabliMhed.     At  leaat  it  in  certainly 

*  OntraaiDoff,  *  Pfltt;.  Anh..*  itii,  (i.  319.     (tHItrwr  unJ  Hi>IJi>e>ti{ii, 
ilitd.,  xvl,  p.  I,    H»lil(>nhAin,  ibid.,  p.  ^i. 
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re-DBtabUshed,  when  the  cao&o  o(  the  moro  vigorona  action  of 
ibo  Tm8i>>niotor  ceutro  in  the  medDlla  has  moanwhilc  ceased 
to  operftto.  In  pathology  this  causo  is  most  froquontly  the 
ororlonding  of  the  blood  with  carbonic  acid.  Since,  how. 
over,  nanny  morbid  proccssoa  exist  by  which  tho  aeration  of 
'tho  blood  in  the  Inngs  is  permunontly  interfered  with,  we  are 
qnito  jiLHtiticd,  I  think,  in  raising  the  quoBtion,  how  docs  the 
oirnahition  bchavo  under  such  circnnistancofi  ;  tho  more  so 
as  tho  posBibility  of  explaining  certain  conditifias,  which  haT© 
noi  up  to  tho  ])rescnt  been  sacccsshilly  interpreted,  may 
perhaps  bo  thn^  opened  to  qb.  I  have  now  in  mind  those 
caawr,  of  course  imconiraon,  in  which,  amongiit  the  codm- 
qac!nc«*s  of  oxtonnvo  and  firm  plenritic  adhesions,  farther  of 
chronic  bronchitis,  and  of  tho  adranccd  stage  of  proces&es 
marked  by  cuntmctiMn  uf  the  lung,  an  hypertrophy  not  only  of 
tho  right  but  <>fthf  U'/l  heart  is  developed,  althoagh  no  obstrac- 
lion  whttteyer  of  the  aortic  system  is  observable  either  intra 
rittim  or  at  the  autopsy.  It  seems  to  me  in  fact,  having 
regard  to  the  last- mentioned  circumstance,  that  the  left  ven- 
tricle hyp<Tlr<iphics  here,  because  the  spastic  contraction  of 
ihu  MuuU  arteries  due  to  tho  dyspua'lc  character  of  the  blood 
hw  famtshed  and  continues  to  furnish  considerable  abnormal 
rmntancos  for  the  left  heart.* 

Wbciher  this  view  bo  correct  or  not,  thora  is,  besides  this 
tdmplu  quantitative  increase  of  tho  normal  rosistances,  a 
wboitt  ficries  of  pathological  prooesscB  that  nu^nnent  the  resisl- 
lUCe  of  an  nniled  cross-section  of  the  vascular  channel  by 
ndding  to  the  Tutrmal  renslance  new  abnormal  ones.  It  is 
Dsnal  to  mention  as  of  primary  importance  (i)  narroH-ings 
and  ii)  icitiminijs  of  those  portions  of  the  vascular  system 
which  are  simple,  i,  fi.  of  the  aorta  and  the  pulmonary  artery. 
Yel  the  problem  presented  by  these  changes  in  tho  vasonlar 
lumen  is  not  so  un  com  plicated  us  current  statements  might 
load  ono  to  suppow.  With  regard  to  the  narrowinga  in  the 
Bmt  place ;  you  will  have  to  take  into  account  that 
tho  Tnlae  uf  the  resistances  oppofring  the  b1ood>»trcam  is, 
espeotally  in  Hie  aorta,  already  very  great  of  itaelfj  so  that 
we  shall  not  bo  jastified  in  expecting  a  marked  increase  of 

•  Cf,  Toub*.  •  Ota.  Abbai./  iii,  pL  la;. 


98      CHANGES   IN   THB   TOTAL   PERIPHERAL   RESISTANCE. 

resistance  throngfa  narrowing  of  the  lumen  of  the  aorta 
nnleas  this  narrowing  is  either  severe  or  extends  over  a  large 
portion  of  the  aortic  wall  in  a  longitodinal  direction  :  an 
annular  constriction,  involving  a  short  circnmscribed  spot,  hj 
which  the  diameter  of  the  aortic  lamen  is  rednced  two  or 
three  millimetres,  can  evidently  exert  nothing  more  than  a 
very  trifling  inflnence  on  the  total  resistance.  Expenence 
proves  the  occnrrence  both  of  circumscribed  and  general  nar- 
rowings  of  the  aorta,  both,  it  is  tme,  only  in  rare  cases.  The 
favourite  seat  of  the  circumscribed  stenoses  is  the  neighbonr- 
hood  of  the  d.  arteriosus  ;  their  length  as  a  rale  is  limited 
to  0*5  or  at  most  i  ctm.,  but  may  occasionally  be  extreme. 
In  the  general  variety  of  abnormal  narrowing,  on  the  other 
hand,  the  change  is  participated  in  not  only  by  the  aorta  but 
usually  by  its  larger  branches  as  well,  so  that  the  circum- 
ference of  the  aorta  may  not  be  greater  than  that  of  a  normal 
iliac  arteiy,  while  the  section  of  the  iliac  does  not  exceed 
that  of  a  healthy  popliteal.  If  with  this  anomaly,  which  is 
always  congenital,  other  more  general  and  extensive  develop- 
mental disturbances  be  associated  at  the  same  time,  the 
former  loses  thereby  co  ipso  all  significance  as  a  factor  in- 
creasing the  resistance  for  the  circalation  of  this  immature 
and  annmic  individual ;  abnormal  narrowness  of  the  aortic 
system  has,  however,  been  repeatedly  observed  unaccom- 
panied by  other  derangements  of  development.*  Much 
commoner  than  these  stenoses  are  encroachments  on  the 
aortic  lumen  by  parietal  thrombi,  which  are  often  enough 
multiple  in  this  vessel :  yet  the  foregoing  reflection  is  emi- 
nently applicable  hero ;  for  the  tlirombi  can  hardly  consti- 
tute an  obstacle  worth  mentioning  to  the  blood-stream,  if 
for  no  other  reason  because  the  thickness  of  the  deposits 
does  not  usually  exceed  s  to  3  mm.  l^loreover,  the  lumen 
of  the  aorta  is  protected  against  possible  narrowing  through 
the  pressure  of  tumours  or,  it  may  bo.  mediastinal  exuda- 
tions by  the  high  internal  pressure  prevailing  in  it  and  by 
the  considerable  pliability  of  itd  walls.  Stenosis  by  comprea- 
sion  plays,  as  might  bo  exiKVttHl,  a  stimewhnt  greater  nie  in 
the  pulmonary,  while  in  this  vessel  iiothiug  analoROiu  to  tiha 
circnmscribed  narrrowings  of  the  isthmus  of  tlu 
•  CtQiuack^u'ZMBHMs'tHdb.d.ipK.  Pdk' 
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l^fttAlionit  or  atu:urtf/nitji  nf  tlic  pnlmonary  arc  nlfto  to  bo  re- 
pirdotl  as  tho  greatest  mritioa.  They  arc  all  the  more  frc- 
flitcnt  in  thw  luirt*!-,  whi>*(>  ascending  portion  and  arch  aro 
*?»pt.'cially  jjredinpofwd  to  them.  Thus  if  there  were  really  good 
.._  ....  1^,  f^^j,  (^^,  heliet  ih»<  ancurysniK  occaition  a  considerable 
of  r^HiKtaiice  for  the  blood-stream,  the  ]>athologi!tt 
woaJd  hfvTe  ample  oppvrlunily  for  observing  the  effecta  of  an 
xbnonnal  increase  of  nniititance  in  the  nnbranched  portion  of 
tho  Bortio  system.  Mom  accanite  consideration  of  the 
cluuigt*K  in  the  flow  conditioned  by  an  aneurysm  does  not^ 
homjvor,  lead,  no  far  ns  I  see,  to  this  couclasion,  it  being  im- 
□ukieriiil  in  tbiK  regard  whether  the  aorta  \h  continued  i»  Md 
ito  the  aneaiysm,  or  whether  the  tatter  is  seated  apon  one 
id«  of  the  vessel  only.  For  it  is,  of  course,  undoabtedly 
le  that  a  portion  of  tho  motive  power  normally  employed 
in  tbc  propnlninn  of  the  blood  forwards  muBt,  especially  in 
tiie  circumscribed  aneurysmal  dilatations  of  the  whole  circnm* 
rrn>ntit  of  the  aorta,  be  consumed  in  tearing  asunder  the 
portioIcH  of  bloodj  i.  e,  in  overcoming  the  internal  cohesion 
of  thu  H/fuor  eangninii),  since  this  operation  is  known  to  take 
>htcn  with  tho  least  cjcpcndituro  of  force  where  tho  forward- 
iDDiion  ift  in  pArallcl  lines,  in  a  tube,  conKcqaently,  with  an- 
[•ll^red  lumen.  Nt'Jther  will  I  dispute  that  a  very  large 
fanenrj-fim  must  interfere  with  the  wholo  circulation  by  with- 
drnwiu^  from  tbo  rcRt  of  tho  va.<tcular  system  the  large 
ifKnit  of  blnod  wflsttid  in  filling  it.  Thin  latter  evil  is 
lally  remt'ilii'd  in  a  large  measure  by  the  gradual  forma- 
tion of  thrombi ;  bat  oven  if  they  shoald  fail  to  bo  formed, 
(*  '  tor  can  hardly  be  regarded  a-*  capable  of  raii^ing  the 
;  -ictance  in  the  aorta  to  any  great  extent;  and  the 

loM  of  power  soBtained  in  tearing  aaunder  the  fluid  particles 
i  ■  ■"  ■  I V  incapable  of  effecting  it.  It  cannot  act^rdingly  bo 
!  ~i  on  a  priori  groundti  that  the  existence  of  a  circnm- 

Bcribed.  aneurysm,  oven  of  really  large  dimensions,  can  in- 
^vmoKV  th«  rcniftancc  in  the  aorta  to  en  appreciable  degree, 
'  does  oxperiL>nec  contradict  our  reasoning.     At  least,  after 
rhftt  I  hftvo  royKolf  Hccn,  1  mast  express  my  entire  agreement 
'  Liuthon),  in  particular  with   A.  Key,*   who  have 

■-•ct-  that  utriking  reaction  on  tho  heart  and  whole 
•  A.  K«y.  'Nori.  mca.  Atkiv,-  i.  Kcv  aa. 
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circulation  in  pure  uncomplicated  adfrmysras.  It  ia  some- 
tiling'  rery  different  when  the  endaiteritic  process,  as  so 
commonlT  happens  in  these  very  aneaiysms  of  the  ascending' 
aorta,  is  transmitted  from  the  wall  of  the  aneoiysm  to  the 
aortic  Talres,  and  here  brings  about  a  gradnallj  increasing 
insufficiency  ;  in  snch  cases,  there  will  of  course  be  estab- 
lished that  change  by  which  the  heart  regnlarly  reacts  to 
the  valmlar  lesion,  i.  e.  excentric  hypertrophy  of  the  left 
ventricle. 

General  dilatation  of  the  whole  aorta,  in  which  as  a  mle 
the  greater  number  of  the  remaining  lai^  arteries  share^  is 
decidedly  more  important  than  the  circumscribed  form, 
owing  less  perhaps  to  the  great  enlargement  of  the  bed  of 
the  stream  than  to  the  causes  which  lie  at  the  bottom  of  this 
enlargement.  For  such  general  dilatations  of  the  aortic 
^stem  are  rery  commonly  dereloped  in  advanced  age,  owing* 
to  the  fact  that  the  elasticity  of  the  arterial  walls  asnallj 
begins  to  suffer  little  by  little  and  to  diminish  more  or  less 
by  reason  of  the  stretching  that  has  taken  place  without  in- 
terruption for  many  years.  The  consequences  of  this  loss  of 
elasticity  to  the  circalation  are  obvioos  :  the  part  played  by 
the  elasticity  of  the  arterial  wall  in  the  propulsion  of  the 
blood  ceases  more  or  less  to  be  sustained.  Lastly,  there  may 
be  mentioned  in  this  connection  another  morbid  change, 
identical  with  the  fore^roinir  so  far  as  its  effect  is  concerned, 
but  in  itself  of  Terr  different  nature,  although  also  appearing' 
by  predilection  in  advanced  age.  This  is  the  groap  of  telc' 
rvtic  and  athervmatout  processes  affecting  especially  the 
intima,  and  of  ealcar-ous  deposits  attacking  both  intima 
and  media.  For  while  an  inelastic  arterial  wall  cannot 
amply  and  promptly  contract  after  distension  by  the  pulse- 
wave,  an  inflexible  and  rigid  tube  is  incapable  of  being:  pro- 
perly distended  by  it.  The  aorta  is  the  favourite  seat  of 
these  sclerotic,  atheromatous,  and  calcareous  degenerations, 
but  the  arteries  of  lower  order  are  a]M>  sometimes  so  ex- 
tensively affected  that  an  abnormal  rise  in  the  total  resistance 
of  the  arterial  system  is  the  result. 

In  the  pulmonary  circnlation,  on  the  contiaij,  such  vascolar 
djj^f^jip*  play  an  unimportant  part.  t  ray  aaiv 

'  procwwes  by  vor  A 
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mouaiy  vascular  gysletn  are  reudered  imporvious  ;  aod  than 
the  united  sectional   aroa  is  dimiuislicd,  and  by  consequi^nce 
the  rc'&intaDco  iucrco&od.     To  thiM  chitm  lieloug  induratiim  of 
tho  palmunar}'  tissuo  ;  all  fiorta  of  procoHses  tertninatiug  in 
ttcrrtiiiuii  and   tlio  formation   vf  ravilir/Tf  having  iiKWIly   a 
Bhrunic  roiirao  ;  pnlmouary  em-phy^nna,  owing  to  wbicb  the 
ipillano^i  {lerifli  by  destruction  of  ihualveolarsepta  in  wbich 
tbfj  are  situfttod  ;  and  ulmtractifin  of  arteries  by  emimli  or 
thnmibt.      In  a  lunj;;,  bio,  which   fmin  some  eanso  or  other, 
e.  g.  a  large  pleuritir.  Ketuiatinii  or  a  pneutnothorax  tmtrkM  by 
iigh  Unuiion,  ia  compro-^wwl  atid  ko  reduced  below  its  natural 
rutnnit',  a  moro  or  Ipss   large    namhor  of  vessels  must  be 
ocfludod  and  rendered  iinperrionw.      A  special  circnmstnnce, 
however,  contribatea   to  make  it  possible   for  considerable 
ipcdimi-nts  to  the  circalation  to  cxiflt  in  the  lunp,  although 
i(»  vnsseU  may  he  qnite  pervious.      The  variation  in  voturao 
which  the  lung  experiences  in  the  diffei-ent  phases  of  respira- 
^lion  iit,  OA  yon  know,  by  no  means  immaterial  to  the  circtila- 
lioD  tliniDgh  it.      For  the  flow  of  blood  into  and  through  the 
ipillarieais  very  largely  promoted,  in  aaormfll  coDdition,  by 
^lUe  rv'spiratory  expansion  of  the  longs,  while  during  artificial 
nmpirution,  on  the  contrary,  tho  entrance  of  blood  into  the 
pulmvuary  capillaries  is  impeded  at  every  insu£9atioi],  as  in- 
rdicaled  by  Ibe  pre«jure-curve  of  the  a.^nlmrmaHg,  or  rather 
fof  course  of  ouo  of  its  branches  ;  the  contrast  being  due,  as 
will  be  rcftdily  understood,  to  the  exactly  opposite  pressure 
elatioim  in   which    tho   ]mlnionary  eapillarie<t  are   on   each 
wm  pl»ced.   It  followK  from  this,  however,  that  in  ordinary 
respiration  with  the  thorax  closed  evert/ thimj  Mihivh  impedes 
llw  rhani/ii  nf  rolumK  of  the  lunyK  mfiJtl  ln".  disadrautageonfi  tu  the 
rircutaiion  throiujh  them.      Such  an  impediment  is  offereil  by 
Mai  nyni^fhia  of  tkti  two  latjers  nf  thtf  jtl^turm  ;   not  of  course 
'becaoso  tho  lungs  ar«»  now  closely  applied  to  the  thorax — 
BDcu  thin  indetsl  is  normally  tho  case — but  because  the  glid- 
ing movement  of  the  liinga  along  the  thorax  wall  towards 
■the  abdomen  in  thna  rendered  impossible  ;  the  transverse  dia- 
lers of  the  InngB  ean^  it  is  true,   be  increased,  hut  not 
khvtr  vertical  dimensions.      Immoderate  development  of  the 
'      t  '  ■  -  stuf^  as  well  as  of  the  massca  of  fat  in  the  abdo- 
>>rrii  an  obstacle  to  changes  of  volume  of  the 
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lauge ;  forlho  mugclos  of  iiiapimLionj  especially  Ibc  dwphnigiit, 
are  unable  to  completely  overcome  the  reslBtaQCCS  tbna  origiu- 
Htc<l,  atitl  in  tHmsequ<>n<'o  fitJl  to  cxpitnd  tlio  tltonut  io  the 
nonuHl  oxtt^nt.  Chronic hronchUiv  aci-i  iu  die  fiame  direction, 
for  filling  of  tho  bronclii  with  entarrhsl  ttocrc'tton  prevunta  IIm 
adoriofkU-'txpanKionof  tlioAt;  [Kirtiiin.iof  tJie  Inn^  idIo  wliiclilhej 
loftd;  nnd  the  same  holdn  good  of  .such  pnrtK  of  tho  pulinon- 
ary  danDu  as  cannot  expand  suSiciiintly,  and  become  atpUetaiie, 
in  coMiw'quence  of  some  condition  or  other  diminishing  i\tc 
thomcic  cHvity,  e.  tj.  lcyplii>ski.iiusi.-i  of  Uio  v<'rli*liral  oolunio. 
In  the  name  category  may  be  plac«d  lastly  that  affoctioB 
of  tho  lungs  chaifu'ttM-iiieil    by  dcBcittnt  di'vchijui  '  itA 

eliutVio  (ibra,  and  canimoiily  known  a&  puhntiUHrj'  <  '  .  '.  '■•• 
alilioagh  the  name  used  by  Traube, ''pultticmary  eulargi*- 
ment,"  or  voUimen  fulviinmm  aurfum,  would  more  correctly 
deacribu  the  condition  prci^cut. 

All  those  factors,  varying  oxtraordinarily  iu  their  Dstun>— 
we  Rbail  Imvo  to  concern  ourselves  with  Ihi-ni  more  niinutvl^ 
wlieu  deahng  with  tho  pathology  of  it'spiratiou — must  U-'t 
tliu  more  curt&iuly  ah  iuurcasors  of  rpatstanev  prvcisvly  to 
the  pulmonary'  circolatiuu,  t^ince  a  compousation  by  dimiuD- 
tion  of  the  roitiBtHuct'  in  tho  umiitecied  channi-ltt  \a  hfre  out 
of  tho  queHtian  owing  to  tho  nbtience  of  loonti  in  tho  smaller 
arturieu.*  'ITje  total  rcaiMtunce  to  Ik-  uvpn«imc  by  llie  work 
of  thv  right  heart  must  thfrofuri)  \m  increau'd  when  lui  ita- 
podimeut  in  o£fcred  to  tho  piuusige  of  bltiod  Ihrungh  era 
amatl  portions  of  tJie  vaHcularchaiinol ;  it  ih  af  \\\v  p-rmie  ttrai' 
implied^  of  coarBU,  that  thiit  inci-caAe  will  be  git-nirr  in  prrv 
portion  as  the  hindruuce  to  tliu  blood-strt-am  th  rough  Uib  . 
lunga  is  moro  goncrni  and  oxtenMvo. 

Finally,  tho  quc-ittioii  nnM^!>,  whether  theru  are  any  patho- 
logical proco««e«  that  incroaiio  the  resifitance  in  the  rniiia* 
mjaUm  uithoul  any  po»t)ibt1ity  nf  tMinprnsatiou.      ""  lU 

only  be   such,  aa  itt   oaxily   underfltotHl,    which   it  ,'  rli* 

i-Dtnuico  of  TonoQA  blo<*d  into  the  heart  or  at  any  rMtc  into  iho , 
thorax.     Wo  have  already  treated  tic  '    <^ 

far  ail  Uic  heart  itt  coucenieit,  lujd  us  n-;  v- 

tKing  may  bo  Bammed  up  in  ft  few  ' 

Iha  intrathoTode  prtmi'ure,  wl"  'J 

•  Utt^rail.  'Vflrh.  A.  \V..r«I.    ,.\. 
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neno-liva  into  pomtivs  presavrf,  ihimI  impede  the  emptying  of 
I  This  is  caosofl,  ns  yoo  are  aware,  even  in  in- 

•1; ;.-.  whosfl  Ipngs  are  perfectly  sonnd  by  forced  expira- 
tory i'ff<TU,  fur  example,  coiigliing;  it  occors,  moreover,  at 
t  mtioTi  in  porwiTis  whndo  liiiigH  can  be  otity  laborioosly 

lit......;  ..c»l  ill   volume  on   accouut  of  obstaclcH   iu  tbe   air- 

p««agcR  or  serere  einpbyftema. 

What  is  the  condition  of  tlie  circalation,  we  uk,  when 
U»c  total  resistance  lu  tbe  vascnlar  systetu  is  increased  from 
any  vt  ihv  foregoiug  causes  ?  The  question  ia  not.  difficult 
to  nOHWor.  If  it.  ht<  in  the  systemic  arteries  that  the  resis- 
Umcv  is  ttbuonnally  raised,  a  purtion  of  the  heart's  motive 
forc«  will  be  consumed  iu  ovoi-cotning-  it,  aud  the  remainder 
will  bo  iusuflicioiit.  to  propel  the  nurinal  qnaoiity  of  blood  at 
a  normal  ntto  into  and  through  the  arteries;  or,  to  express 
it  otherwise,  tho  pr(^ssura  between  the  heart  and  theobatAcle 
wUl  be  normal,  oven  above  normal^  but  beyond  thitj  point 
tk  moat  be  lowered  in  proportion  to  tho  amount  of  abnor- 
mal rvctiitnncD.  Accordingly  in  stenosis  of  the  aorta,  and 
in  BCT4're  scIeroRiH  and  attu'roniatous  degeneration  oE  this 
T«si«l,  the  lowering  of  pressure  must  be  present  in  tbe  middle 
lUfl  smaller  arteries  ;  in  sclerosis  of  the  latter,  and  still  more 
in  narrowing  of  the  small  and  smallest  arteries  of  raso-motor 
origin,  it  will  occur  beyond  these,  *'.  e,  in  the  commencomcnt 
of  tho  capillary  system.  Id  the  esse  last  mentioned,  the 
wmdilioD  of  tho  arteries  of  the  Klein  snd  nnscles,  which  not 
only  do  not  participato  io  the  general  contraction,  bat  may 
BVDD  sitnollaueonsly  dilate,  can,  as  already  indicated,  operate 
as  a  compensating  factor,  so  that  now  the  blood,  flowing 
more  rnpidly  through  these  vessels,  reaches  the  great  veins, 
and  by  theiu  the  heart.  Sacb  conipougation  is,  however, 
oaL  i>{  the  question  in  all  onr  other  impediments  to  tho  arterial 
b'I<H>d-8troam,  becaueu  these  increase  tho  total  resistance, 
beoamu  they  act  on  the  whole  cross  section.  Here  tbe 
iifled  of  the  accumulation  behind  the  impediment  mast 
assert  itself  as  far  back  as  the  ventricle,  and  you  know  very 
writ  what  happens  now  ;  the  venlricU  ditalee,  and  t!tagnatioii 
•  '  pulmonary  vessels  and  systemic  veius,  attended  by  all 

-- rs  to  the  velocity  of  the  blood-streara  that 

niughly  discussed  iu  connection    with  tho 


104    CHANGES   IN  THE  TOTAL   PEBIPHEKAL  RESISTANCE. 

ancompensated  cardiac  lesions,  is  the  result.  Nor  is  it 
otberirise  when  the  resistance  in  the  pnlmonary  circulation 
is  aagmented.  In  stenosis  of  the  pulmonary  trunk  it  is 
self-evident  that^  on  the  one  hand,  too  little  blood  will  flow 
throagh  the  longs  into  the  left  ventricle,  andj  on  the  other 
hand,  that  the  right  hearty  and  farther  back  the  ajstemic 
veins,  must  be  overfilled.  Bnt  this  appears  equally  probable 
of  impediments  situated  peripherally  in  the  lung  itself,  for 
it  the  sectional  area  of  the  pulmonary  vessels  ia  diminished, 
the  right  heart  cannot — this  is  tbe  conclusion  immediately 
forced  upon  as — send  the  normal  quantity  of  blood  into  the 
left  ventricle,  and  again  there  will  be  a  fall  of  arterial  and 
rise  of  venous  pressure.  Moreover,  it  need  hardly  be  ex- 
plicitly stated  that,  if  the  flow  of  venous  blood  into  the 
heart  be  impeded  by  a  positive  intrathoracic  pressure,  this 
must  lead  to  stagnation  in  the  entire  venous  system,  and 
secondarily,  to  lowering  of  the  mean  arterial  pressnre.  Should, 
however,  this  rise  of  pressure  in  the  thorax  occur  only 
periodically  at  each  expiration,  we  shall  have  a  rhythmical, 
jerky  flow,  especially  through  the  veins  in  the  neighbourhood 
of  the  heart,  in  the  neck,  &c. — a  rht/thmical  movement  which 
here  frequently  assumes  the  characters  of  a  complete  expirar 
tory  tni^scence  of  the  veins,  provided  only  the  venona 
system  be  ah-eady  overfilled  and  abnormally  distended,  aa  is 
ordinarily  the  caae  in  tbe  diseases  here  concerned. 

Indeed,  the  phenomena  last  mentioned  are  never  absent, 
aa  soon  as  the  pressnre  in  the  thorax  has  become  positive. 
When,  on  the  other  hand,  no  morbid  signs  are  observed  in 
the  vessels  in  connection  with  other  varieties  of  increased 
resistance  in  the  systemic  or  palmonarj  ctrcnlationB,  yoa 
know  how  this  is  to  be  acconnted  for.  It  ia  the  inereau  w 
the  work  done  by  /A«  heart,  which  here  makes  its  appearance 
as  a  compensating  factor,  precisely  as  in  the  cardiac  leaiona 
formerly  described.  Compensation  occurs  most  readily  in 
the  pnlmonaiy  circalation  :  for  it  is  clear  that,  with  the  in- 
considerable pressure  normally  prevailing  hers,  the  oontno- 
tions  need  be  only  very  slightly  strengthened  to  oreraoaia 
this  pressure,  to  distend  more  forcibly  the  hrMwl—  of  U 
pnlmonary  artery,  and  to  nrge  the  blood  witib^i 
timagh  them.     A  aeries  of  experiwHli 
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iiohtheim*  in  ay  iusLiluto  m  Brcslanj  lias  afforded  reiUly 
mainf;^  rosnlU  on  this  point.  When,  in  a  cnrarir.e'l  dog 
rlioBe  roapimtioD  wns  artificially  maintained,  and  vrboso 
cftrotid  and  o.  Jugutaris  were  connected  with  manomeiera, 
ie  lumi'n  of  tbo  left  pnlmonarj  artory  waA  completely 
:ludcd  by  means  of  aatron^  thread  intn'idaced  throngh  an 
aperture  in  tho  wall  of  the  thorax,  ntnlher  the.  carotid  nm* 
i&0  temfU*  presgttro  umteruffnl  rVL-n  the  iH/ttil  tnflituj  chamje  ; 
jrooTcr,  tnany  of  the  larger  brancliefl  of  the  right  pul- 
jniuy  artory  oonid,  in  addition,  be  ligatured,  without  this 
iving  any  tntlncncA  on  the  urterial  or  venouR  preitsure. 
fvty  then,  more  than  the  half;  almost  three  fourths  indeed, 
tho  pulmonary  ohannelj  had  been  rendered  imperrtons, 
kod  conaequently  the  utiit«d  sectiouil  area  reduced  almost  to 
fourth  part  of  ita  normal  dimensioas,  and  yet  the  normal 
qooDlity  of  blood  arrived  ia  the  left  retitricle  through  the 
nduocd  leciiou.  This  ia  achieved  by  means  oE  the  simplest 
hnaginable  mechanism.  The  pressure  ia  that  portion  of  the 
polmooary  syslem  which  lies  on  tbia  side  of  tbe  interposed 
rwtclanca,  ristu  in  consequence  uf  the  resistance,  and  tttretchea 
tlM  ponrious  brunches  in  sncb  a  manner,  i. ».  accelerates  the 
blood-fltreara  so  macb,  tliat  a  quantity  of  blood  eqnal  to  that 
fionBorly  passing  through  tha  whole  of  tbo  two  lungSj  is  now 
buried  in  the  tame  time  through  the  quarter  atill  remaining. 
The  rise  of  preasnro  is  certainly  in  itself  trifling;  thus  the 
aoda-manometcr  introdaoed  into  a  branch  of  tbe  r\^\i  a.  puU 
viMiaiu  showed,  on  olosora  of  tbe  left  pulmonary  artery, 
a  tin  from  iSo  to  260  mm.  only,  or  about  80  mm.  aodOf 
«qBal  to  6  mm.  meTCur%*,  approximately.  An  increase  of 
praararo  inch  ae  this  would,  it  is  evident,  have  little  or  no 
'Ofoei  in  the  systomic  circulation,  charactensed,  aa  it  is,  by 
A  high  degree  of  resistance ;  in  the  palmonary  circnlatioo 
i^frboec  pbyaiological  reaiatance  is  so  slight,  it  ia  amply  nffi- 
it  lo  bring  aboat  an  adequate  degree  of  stretching  of  all 
ohcs  still  pcrviooa.  Consequently  the  addition  to 
roric  of  the  right  heart  thai  originated  ia  in  itself  not 
larf^,  and  yon  will  not  be  greatly  astonished  that  tbe  Ten> 
icion  to  execute  oS-band  tbb  alight  exeetl 
:;.« .r%.  -  L'l^  SU' rsBpD  4).  Lva^saknWBoEi  a.  il^r  ElnlhiB  ttf  L 
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oE  woric.  Still  it  is  an  excess  of  work,  and  tbos  it  is  rcadiljr 
intelligible  that  the  Tentricle  on  which  the  hemvier  task  is 
imposed  will  hyp^rophy  when  the  increase  of  resistance  in  ^e 
polmonarr  circnlaQon  beoomes  permanent.  This  will  natn- 
rally  occur  earlier,  and  the  brpertrophr  itself  reach  a  higher 
pitch  the  greater  the  increase  of  resistance^  and  especiaUj 
the  more  general  the  impedimnit  to  the  blood-stream  throng^ 
the  lungs,  as  is  the  case  in  serere  and  wide-spread  emphy- 
sema, in  total  srnecfaia  of  the  lajers  of  the  plewa,  in  exten- 
siTe  chnmic  bronchitis,  and  all  the  more  readilT  in  these 
Terr  diseases,  as  the  subjects  of  them  are  reij  often  Tonng 
and  in  other  respects  vigoroas.  I  hare,  moreover,  had  the 
opportanitr  of  observing  Terr  pronounced  hTpertropfaj  of 
the  right  Tentricle  associated  with  extreme  corpnlency. 

It  wonld  be  still  less  possible  for  the  obstacles  in  the 
systemic  ciicolatioii  to  be  orercome  for  any  length  of  time 
withont  a  similar  hjpertrophT  of  the  left  ventricle.  But 
hoe  it  is  of  advantage  to  the  heart  that  the  varieties  of  in- 
creased  resistance  in  question  are  all  of  them  wont  to  develop 
slowly  and  gradnaUy,  or  else  to  form  very  early,  either 
dnriog  embryonic  life  or  very  soon  after  birth ;  at  a  time, 
consequently,  more  favorable  than  any  other  to  active 
growth.  I  have  now  in  mind  the  general  and  circumscribed 
stenoses  of  the  aorta  in  the  neighbourhood  of  the  d.  arte- 
rioms,  which  are  in  the  majority  of  instaniTes  congenital, 
and  are  therefore,  as  regards  the  history  of  their  develop- 
ment, diametrically  opposed  to  the  anenTTsmal  dilatations  of 
the  aorta  and  arterio-sclerosis,  conditions  that,  for  reasons 
to  be  discussed  later,  are  emphatically  diseases  of  advanced 
age,  aod  thereby  in  the  highest  degree  chronic.  Here 
may  be  slowly  and  giadaally  developed  an  hypertrophy  fif 
the  left  ventricle  sa£5cieat  to  effect  a  normal  filling  of  the 
arteries  despite  the  abnormal  resistance,  and  thus  to  mun- 
tain  the  pressure  and  velocity  throoghoDt  the  whole  circula- 
tion at  their  proper  values.  This  is  the  reason  that  Uie  heart 
of  very  old  persons  does  not  as  a  rule  partieipata  in  tlw 
general  atrophy  of  the  body,  and  especial^  ol  tke 
but  rather  increases  in  mass  and  volaB»' 
which  can  be  accompliahw^  ■«  old  ^^ 
•  F€rb,'D« 
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enUj  in  earlior  ye&rn  when  the  remaining  organs  are  all 
vigorously  follilliiig  their  functions.  On  the  other  hand, 
it  WAulil  be  ftupcrlluous,  after  having  formerly  cliscnssed  the 
point  so  fully,  to  lay  strrgg  on  the  fact  that  the  compensation 
ly  Piit«l»lii<he(l  nifty  bo  ilestpoyed  by  any  of  those  in- 
sncm  that  arc  calcnhitci]  to  ilepre^^s  the  fonctional  activity 
of  the  hypcrti-ophied  heart-muscle,  in  partionlnr  by  exhaustion 
ud  by  fatty  degeuerutioD.  For  the  samethiug  occurs  as  in 
iho  Csirtiiao  k'stons,  iind  thu  effects  on  the  circulation  which 
thitu  |n-o8eni  theuiselves  are  exiKtly  the  same  familiar  ones; 
Uwrriai/  o/lite  mi-nv  Hrttriat  jmtifurtt,  xlaynatiim  mid  ovtrfiHiny 
tf  thf  renov»  infuUni,  aud  eloiein*/  of  the  mvan  vclocUy  of  the 

The  iuKcrimj  of  the  total  resistance  in  tlie  vascular  system 
plays  n  Tcrry  uniin[K)rinnt  part  in  pathology  as  compared 
irilb  its  elevation.  For  since*  if  ve  leave  onlof  account  the 
friction  of  the  bluod  in  the  capillaries,  it  is  in  the  small 
uteries  tliat  the  chief  resistance  is  normally  opposed  to  the 
Uood-slream,  it  will  be  obvious  that,  so  long  as  the  cnnsti- 
lotinn  of  the  bluod  rtmaius  unaltered,  a  decrease  of  resist- 
onoo  cnn  arise  only  when  a  relaxation  of  tonus  occurs  in  all 
rir  in  ti  m&jnrity  of  these  vessels.  This  happens,  as  is  well 
knovn,  when  the  raso>motor  centre  is  paralysed  or  cut  off 
fTDin  its  cunnection  with  the  great  mass  of  the  Taso-motor 
nervca  by  section  of  the  cervical  cord.  This  is,  further,  the 
MaCMOiuy  cDDsi-qaence  of  nil  circumscribed  lesions  causing 
an  tDtcrniption  of  conduction  in  the  upper  part  of  the  spinal 
cord,  such  an  compression,  laceration,  softening,  tumours. 
If  the  interruption  be  situated  very  high  up  in  the  Brst  |Mirt 
*!>l  the  cervical  cord,  as  will  be  the  case,  for  example,  in  dis- 
locstious  of  the  axis  behind  the  atiss,  the  vesMlsof  the  whole 
body,  except  those  of  the  head,  relax  ;  the  further  down  the 
•ml  of  the  intcrraptiun  the  larger  the  portion  of  the  vascular 
sjratem  coutinuiag  innervated,  and  should  it  not  occur  until 
after  the  n.  splauclinici,  the  vasD-motornorvcs  for  the  entire 
a)<donirual  ^a^'ity,  have  been  given  off,  wo  can  no  longer 
ffM-ulc  of  a  dimiuutiuD  of  the  total  resistance,  inasinnch  as 
I  is  theu  couliued  to  a  comparatively  small  part 
.1  system  :  wc  have  a  local  but  no  general  dis- 
lie  circulation.     In  those  cases,  on  the  contrary, 
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where  tlie  resistance  ia  fho  mnall  arteries  Iiiu  netnnlly  rlis>j 
appeared  tfaroof^hout  the  grcwter  parb  of  the  body,  the  effec^i 
t)D  the  circulatioD  no  a  whole  maatbe  highly  important.      Fei 
should  the  resiiitance  to  the  discharge  of  arterial  blood  iutoj 
the  capitlaries  and  veins  ceajse,  the  blood  muitt  nccessftril; 
pass  with  great  rapidity  from  the  arteries  to  the  veitia,  &ud| 
thaa  the  diRerence  of  their  teosioiis  be  very  considerably] 
diiainished.      In  that  case,  however,  the  rapidity  o[  thu  blood-j 
stream  must  decrease  cxoesstvely,  aad  if  thu  relaxation  of  the 
arteries  be  really  very  complete,  tbiagB  may  even  go  ao  fa 
that  the  veins,  on  acconnt  of  the  enormoas  r(<lardation  of  the 
stream,  soon  cense  to  convey  lotUehearttheauioantof  blood' 
required  for  the  next  systole.     Bat  this  is  nuthing  short  of 
a  gradual  rzlinctivn  of  the  nrt'ulatum,  and  that  nu  regiilativaj 
action    is  here  possible  will    be  apparent  withont    further^ 
«xplanation,  especially  on  ci-nsiderin^tftat  the  hearty  already 
inadeqaatety  supplied  with  blood,  can  but  imperfectly  iill  ihi 
<]oronary  arteries,  and  that  the  deficient  circulation  thrangl 
those  vessels  is  a  fresh  source  of  weakness  to  the  organ.     If,j 
on  the  other  hand,  there  be  no  complete  psralysia  uf  the 
arteries, but  merely  adimination, tiotan  abolition,  of  toaoa^i 
circnIaiioD  will  indeed  be  atill  possible,  yctitmnst  be  ocoiHO-J 
panied  by  a  more  or  less  decided  fall  of  artcrint  preuur« 
a  corresponding  retardation  of  the  blood-strcnm  ;  a  full  o| 
pressare  and  rctnrdation  in  which  the  pulmonary  ciivulal 
inost   necessarily    participate,  although,  on  sccouDt  of  tb«] 
absence  of  all  tonus,  no  change  ia  suffered  by  the  reststancei 
here.    That  the  effects,  a«  regards  preaaore  and  meoD  volocityJ 
of  vaso-motor  paralyaia  of  any  very  large  vascular  arua,  «. « 
of  the  splanchnic,  roust  perfectly  accord  with  Mio  foregoin| 
deacriptiou,  is  evident  from  the  nature  of  the  case  :  wo  oaa* 
not,  of  Course,  estimate  the  special  characters  of  thu  flow  t( 
the  various  portions  of  the  i-ascuhir  system,  paralysod  and 
paralysed,  befora  disuussitig  thuruaglily  a  subju>cl  tti  which  Wf 
now  turn  our  attention,  uauicly,  the  local  dinturlmncet  of  Ik^ 
ctTculatitm. 
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introiltutory  rmttrki  on  the  •physiologiral  means  of  reynUittny 
the  calibre  of  the  arleries. 

Ik  the  lait  loctnra  wo  saw  how  givat  an  inflaeoce  is 
HCSrUMl  on  Lho  circulhtion  bj  raising'  or  lowering  tho  total 
twpatanoo  prevailing  iu  tho  vaflcutar  system  ;  anch  an  effect 
ca&not  of  oonrso  bo  oxpoctod  whcro  tho  change  of  resistance 
tnTolvcs,  uot  tlip  L'uliro  vascular  syBtem,  bnt  ningh  vascnXat 
mnma.  For  I  havo  repeatedly  dwelt  on  the  foot  that  the 
orgftoiim  [K>»&e»>ii8S  the  capacity  oF  compeDsntiag  a  change  of 
rwistauce  in  ouo  dirt'cliou  by  a  second  in  a  contrary  direction. 
Mid  vre  sball  prcseutly  become  acquaiuted  with  the  uieana  ifc 
employ*  to  effect  this  eud.  Bat  although  the  general  blood- 
pressar^  and  the  taeau  velocity  of  tho  blood-atream  are  not 
infloeuced  by  those  local  variations  of  resistauce,  it  is  iu  no 
way  excluded,  rather  it  is  to  be  contidently  aoticipated,  that 
ihMa  changoM  will  be  of  very  material  import  to  the  blood- 
■tcoam  through  the  aUectod  Tascular  area.  In  fact  tho 
inturMting  topic,  u  favourite  thomo  of  older  medicine,  namely, 
'dislurlmucru  uj  thi^ circulation,  comos  n]>  for  coneidoratioa 
and  ehftll  now  occupy  oar  attention. 

We  certainly  now-a-daya  assume  a  different' attitndo 
Is  thin  c^haptor  from  that  adopted  liltlo  moro  than  a 
lecadn  ago.  For  wo  now  know  that  oven  in  a  normal  ood- 
dilion  tho  i|aautity  of  blootl  present  in  each  porLicalar  orgati 
eonatantly  liable  io  macli  greater  variations  than  was 
Kormerly  boHtrred.  The  reason  of  this  is  tu  be  sought  in  a 
circumstaDce  to  which  I  have  repeatedly  all oded  in  yonrpre- 
»CDC«|  namely,  that  the  quantity  of  blood  oirculutiog  through 
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t}»*  KhIv  is  utterly  inadequate  to  fill  all  the  vessels  at  once. 
Vx^r  «uoh  being  the  state  of  affairs,  it  is  obvioDs  that  aa 
Kwt^^  Htiid  powerfal  blood-stream,  sDch  as  is  called  for  daring 
lh«>  functional  activity  of  each  organ,  mn-scles,  glands,  skin, 
)xmiu>  Jbo.,  is  possible  only  when  other  areas  are  imperfectly 
litUsl.  Nor  will  the  case  be  altered  where  from  any  cause 
lbt>  quantity  of  blood  in  the  body  is  increased  beyond  the 
phj'siological  standard.  For  the  sole  result  of  this  increase 
iu  quantity  is  an  increased  consumption  by  the  organism,  a 
subject  which  will  be  treated  in  detail  in  connection  with 
so-called  plethora.  The  blood  is  not  a  stablo  organ ;  if 
iudeed  it  can  at  all  be  regarded  as  one,  it  mnst  be  as  an 
organ  in  a  state  of  unceasing  change  ;  fresh  blood  is  being 
continually  formed  and  old  consumed,  and  the  organism  is 
adJDsted  to  maintain  only  tlie  normal  mean  amount ;  ahonld 
the  gains  increase,  the  losses  also  iocrcase. 

There  is  accordingly  a  need  for  other  regulative  agencies, 
by  whose  aid  a  temporary  excess  or  diminution  in  the  filling 
of  the  various  vascular  areas  may  be  brought  about;  a 
matter  in  which  of  course  the  heart's  action  can  exert  no 
influence.  You  know  how  the  regulation  is  effected ;  the 
means  to  this  end  are  always  the  same,  namely,  change  of 
reaistaiice  in  the  arterial  channels.  For  it  is  clear,  without 
further  explanation,  that  the  quautity  of  blood  flowing  into 
any  vascular  area  must  vary  with  the  snm  of  the  resistances  is 
the  arteries  leading  to  it ;  the  quantity  of  blood  flowing  into 
the  vessels  of  the  area  in  question  will  be  less  when  the  resist- 
ance is  increased,  and  greater  when  the  latter  is  diminished. 
In  order  to  augment  or  reduce  the  resistance  the  organism 
has  recourse  to  the  expedient  of  contracting  or  dilating  tie 
lumen.  Let  us  therefore  take  a  brief  survey  of  the  forces 
capable  of  altering  the  size  of  tho  lumen  of  a  vessel,  and  of 
the  conditions  under  which  they  are  normally  called  into 
action. 

It  mast  be  noticed,  in  the  first  place,  that  the  vessels  are 
elastic  tubes ;  they  can  therefore  be  stretched  by  strong 
internal  pressure,  and  are  able,  on  the  other  hand,  to  adapt 
t>  -ea  to  their  contents  when  the  quantity  of  blood  con- 

hem  is  diminished.  The  blood-pressure  is  naturally 
OBufal   in  effecting  the   stretching,  the  leu  tiw 
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ulastictty  of  tlie  veascl  in  qaestion ;  tbns  it:  sacceods  most 
readily  in  tho  veins^  roiy  easily,  moreover,  in  the  brandies  of 
the  n.  frulnMnalU,  as  we  saw  already  ;  nor  does  the  elasticity 
of  bb<!  arterios  vt  the  muscles  and  iatestiues  appear  con- 
iSidorabio ;  and  the  same  i8  known  of  the  retinal  Teasels— 
they  offer  no  (^rei^t  resistance  to  distending  induences.  Oa 
the  other  hand,  Uio  arteries  of  the  skin,  like  all  TO)«seU  pos- 
.•«»9aed.  of  a  Htront^ly  elustic  tunlea  media,  are  distenKible  only 
ji'with  ditBculty,  and  fur  the  same  reason,  i.  e.  owing  to  tbeir 
ruater  ela^lia  force,  thoy  adapt  thumselves  the  more  rapidly 
to  thiiir  diminished  contents.  It  is  on  these  ^oundn  oom- 
|irehenjiiblo  thut  the  retinal  vessula  should  be  fuller,  and  the 
Tolamo  of  an  extremity  iooreased  after  peripheral  irritation 
of  the  oplunchnics,  although  the  un&ltcred  auperBcial  tempe- 
rataru  of  the  liinb  proves  that  tho  vessels  of  the  skin  have 
not  dilated;  tho  vessels  supplying  the  mnscles  are  more 
Toftdily  strotohed  by  the  increase  of  blood -preseare  than  are 
^the  Dutiiueous  vessels,  and  take  np  the  greater  part  of  the 
blood  which  was  dislodged  from  tho  vcssols  of  the  trunk  by 
the  irritation  of  the  splanchnics.* 

1  bjtve  just  intimated  that  the  muscular  portion  of  the 
vsMol  wall  plays  an  essential  part  here.     Bnt  its  chief  im- 
,  portant^c  is  manifosted  in  an  entirely  different  direction,  inas- 
'much  ft»  it  ift  pre-eminently  the  fhgree  of  contraction  of  ike 
dreular  mutcular  coat  that  determines  the  size  of  the  arterial 
tumen.     The  function   of  the  tunica  mt-tWa  is  immediately 
under  the  control  of  certain  centres — mechanisms  having  tho 
characters  of  ganglia  perhaps  and  sitaatod  in  the  wall  of  the 
.rvsaol  itself. t     At  least  this  view  affords  tho  simplest  ex- 
Lion  of  tho  tonio  contraction  which  the  arteries  retain 
division  of  the  vaso-motors,  or  regain  after  a  time 
though  the  divided  nerves  havo  not  been  restored :  yot  it 
'.muMi  not  be  forgotten  that  vaso-motor  nerves  running   in 
oUisr  trunks,  whose  action  is  ordinarily  very  feeble,  may 
LpOBsibly  undor  such  circumstanres  accommodate  themselves 
1  gradually  to  tho  greater  domaiirU  upon  them,  and  assume  the 

*  Baidi, '  Aibe!t«ti <)«•  Ii«ip2.  phynolo^.  Iiutitut*.*  1875. sim)  'Oertsmlrh. 
■wd.  JakHiiiebn-.'  1876.  lU-ft*;  Oitnwmoff, '  Pflair.  A.,*  xii,  ]».  aig. 

t  Italics  *  Ii«i[n.  Artiv,'  iS;4;  C.  Ludwii;,  '  Hio  Kervcn  ilar  BlnigsfuM,' 
Ita  nsiitii  Reiob.  1876,  Xo.  i ;  Oergvns  and  Werbev, '  I'flag.  A./  xiii,  p.  44. 
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tonic  FanctioD  of  iHo  cbicF  coostrtctors  aft«r  these  bavo  b««ii 
thrown  ont  of  action.*  Whothor  indood  tho  altcrationB  is  tbo 
RUto  of  contraction  suataineil  bj  t)i«  reiisel  ivalt  under  tbo 
infliionce  of  somo  local  agonciea  are  to  be  ascribed  to  an 
effect  on  ibi>  nervous  apparatas  of  tbe  vevvel  wall  or  Co  ono 
on  tbe  Tnusculatitre  ilself,  cannot  »o  Far  be  dociJed  in  anjr 
case.  Tliat  lieat  and  cold  directly  relax  ami  cxcit«  tbo  mni- 
oiilatnre,  can  bo  no  more  reasonably  doubted  than  can  tha 
direct  effect  of  electrical  atiraulation.  But  wc  aro  BMMiaaint«d 
witb  reactions  more  difBcalt  to  interpret.  Thus  it  baa  bara 
fibown  in  tbo  laboratory  of  Ijodwig,  to  whom  we  owe  mnat 
of  what  we  know  uf  the  lifu  of  the  vasael  wall,  thai  tbe 
arteries  of  an  organ  which  has  been  withdmwi]  from  all 
uervous  intluencG  contract  when  blocxl  ororloadtd  with  car- 
bonic uuid  flows  through  tliem ;  snndry  poisonH  pruduoe  tbo 
aame  effect  when  circalatin;^  witb  tbe  blood,  while  otberSf 
Buch  OB  atropine  and  chloral  brin^  about  a  contrary  condittm, 
a  relaxation.  It  is  highly  intenratiugj  moreover,  that  tbe 
artoi-ies  contract  against  strong  floxioD,  and,  on  tbe  otbor 
hand,  rolax  on  being  for  some  timu  coniplftely  deprived  of 
blood.  In  view  of  ibis  nianifuM  testimony  to  a  apontanaon* 
life  in  tbe  vesiwl  walls,  it  m  not  surprising  that  the  staio  of 
oontraction  of  Lboir  muscniaturc  should  apparently  be  liabla 
to  ulufpciOn<  Tarialions,  •'.  e.  (hat  Tcssols  ont  off  from  tba 
norrons  system  shoold  show  spontanooas  ch&Dgos  in  their 
IntncD,  whoso  rhythm  is  absolutely  inconstant.f 

Neilber  have  the  mechaiuBmii  by  whose  agency  the  furmn 
supplying  the  vessels  inflaence  their  calibre  been  so  far  doknv 
mined  ;  our  ac<{uaintftnce  with  the  facts  even  la  far  from 
sufficioot.  Tme^  it  has  long  been  known  that  in  the  ma- 
jority  of  organs  nerves  exist,  whose  irritation  is  followbd  by  m 

rtriction  of  tbo  arteries  conraing  throagh  thc«o  organs  t 
tho  exislonco  of  dilator  rttrvt:s  iu  tbe  tongue,  the  pentSi 
the  salivary  glands,  ia  equally  beyond  dispute.  1%d  uerm 
of  tho  last  category  have  actjuired  a  practical  interest  iumm 
we — thanks  chicily  to  the  labonrg  of  Uoltz  and  lioidonhain} 

•  KtricUr. '  Wioh.  bomL  JkbrbQclwr/  T877,  p.  41&. 
Uoucl.r.i  ('.  twdrig.  I.  c.  i  G«r£*iu  uodVi'-.'--  ' 

Iu. '  Z^ug.  A.,*  ii,  pw  174.  xi.  p>.  53  :  OsUv'i  ,  zii,  |i.  siy  j 

oBil  Griltavr,  ibidf  xrii  p.  i;  KvniUIl  uul  l,s(ihaitigcr,  ibM^ 
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— beoame  coDTersaol  with  the  foot  that^  in  the  skin  anil 
musclce,  a  very  coDsiderablu  diLktAtion  of  the  blood- reiutels 
eoBaos  on  irritating  certain  nerves.  Tho  cxperimenti  in 
■apport  of  this  conclasion  are  extretnely  iotoroRting  aod 
plaoflible,  nor  is  their  interest  at  all  lessoned  by  tho  circnm- 
BtuDCe  that  tho  attempt  to  discover  iu  tlio  iiitornal  orgatiB 
anjthing  snalogoas  to  the  dilator,  (w,  as  Hoidonhain   calls 

ekbcin,  inhihiturtf  nervai,  has  so  far  miscarried.     It  hn«  not  as 
pet   been   po^iiiblD,  however,  despite  tho   most  painslAking 
effort*,  to  obtain  even  in  the  vesseh  of  the  skin  a  clear  idea 
|tf  the  conditions  nnder  which  tho  dilators  come  into  action, 
■I  tnnch  »o  that  the  existence  of  nerves  which  on  irritation 
diUkte  the  arteries  of  the  akio  aUme  still  continnoB  to  be 
CftlUrd  in  i)iK^»tion  by  some  aothors.*     Under  these  circum- 
•taooes,  who  would  veotore  to  decide  whether  thu  vaso-motor 
nerves  act  on  ganglionic  mechanisms  in  the  vessel  walls  or 
ireotly  on  the  muscular  coat  ? 
Thut  in  the  difler«iut  portions  of  the  spinal  cord  centres 
ist,  by  which  the  vaso-motor  nerves  pnssing  out  beneath 
e  ro(fion  iu  question  are  controlled,  can  hardly  at  present 
dJKpuittd  ;t  but  the  constrictors,  at  any  rate,  have  their 
chief  oeotro  in  tho  medulla  oblongata,  a  centre  which  is^  aa 
know,  in  a  condition  of  permanent  touic  exoilation.     I 
eriy  mentioned  that  this  vaso-motor  centre  is  strongly 
cited   by  dy8]>n(£ic  blood ;   ansdmia,  whether  gonoral   or 
i«ed  in  tho  mednlla  oblongata,  has  the  same  effect,  whioh 
ill  bf  the  more  certainly  exerted  in  proportion  to  the  rapid- 
ity witii  whioh  tho  amount  of  blood  is  diminished :  the  same 
result  attends  strydmia-poisoning.     This  centre  is  excited 
lUj  by  tbc  irritation  of  centripetnl  fibres  running  in  the 
o«  of  sensation  ;  concerning  which  fibres  it  is  still  nn- 
ided  whether  they  are  the  sensory  nerves  themselves  or 
ifio  6bres  passing  to  tho  constrictor  centre.     On  the  other 
d  there  is,  as  is  well  known,  a  centripetal  nerve,  whose 
imulation  inhibits  tho  action  of  the  vaso-constrictor  nerves, 
niely,  the  n.  deprutor ;  yet  it  must  be  admitted  that  its 
influence  may  perhaps  be  referred  to  an  excitation  of  the 

lknuti>in,  ■  rflilg.  A..'  IT,  p.  575  ;  FoitCT, '  Lehrb.  d.  Phynol^  nb«i. 
|t  C!.  Lttduiager, '  Pfliig.  A.,'  sti,  p.  510. 
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dilator  cenlro.  Ucidonliain  has  provrJ  tlmt,  iu  thoTM 
the  skin  at  least,  tlicir  inliibitory  nerves  aro  Tcflexly  «) 
by  irritatioa  of  the  depressor.  Whether  depreaHor  jullaMCci 
on  the  innervation  of  tho  veaBcls  arc  oxerted  hy  J' 
contripetal  nerves,  either  thron^'h  inhibitiou  of  (lie  cijij  ■  .^■.  - 
or  excitation  of  tho  dilator  ocutro,  wc  are  nnnbloto  saj 
present ;  it  is  poesible  that  such  fihrea  may  proceed  from  th< 
peripheral  vessels  tbeinselves  to  the  central  orj^n*  J)ut  on< 
is  not  fully  conscioDs  how  complicated  are  those  rolatioiia,  til 
the  attention  has  boon  diroctfld  to  eiiiKlo  peripht-ral  vcjssel 
For  it  in  self-evident  that,  on  (Excitation  of  the  mso-coi 
Btrictore  concerned,  whether  of  reflex  or  othor  ori^,  iadU 
vidual  arteries  contract  quite  indrpendendy  of  tlio  uordittoi 
of  excitation  of  the  centre,  and  that  the  somo  TC«8cla  cavl 
moreover  dilate  the  moment  their  proper  conrfrietoT*  an 
thrown  oat  of  action  or  their  inhibilory  nerves  irritntod. 

These  arc  tho  forces,  so  far  as  wo  know  them  at.  pr*-*scnl| 
that  play  a  part  hero,  and  tho  conditions  nnder  ivhieh  Ihtj 
hccomc  operative.  Ry  tho  intrractinn  nf  theso  forccfl  it 
variona  yfayn,  those  rcsniti  arc  attained  which  arc  iudi3ipcn< 
sablo  to  the  regular  activity  of  all  tho  orgAns,  namely,  oi 
the  one  hand,  the  pn.'8eucG  at  tho  proper  time  of  aBoSicientlj 
copious  and  powerful  stream  in  tbe  area  reqiiiHng  it,  and  pe 
tho  other  liand,  tho  comparative  emptiness  of  the  btood' 
vessels  in  resting  and  inactive  orgnas.  ■  Thus,  what  so  fr#- 
qoently  occurs  in  the  natural  sciences  has  hajrpeuwl 
too  ;  with  oor  incrensiag  knowledire  an  ever-incrojuonjr  ram' 
plication  of  relations  has  beCTtmt?  manifest,  so  that  the  I 
analysis  of  the  methods  by  which  tho  or^nism  in  ea^-i 
ridaaj  case  brings  about,  with  the  aid  of  tlie  forces  at  it 
command,  Kuch  a  distrthation  of  the  blood  ns  shall  hn 
adapted  to  the  end  it  has  in  view,  has  gnnvn  to  be  one  of  tho 
most  attractive  problems  imaginable.  In  prencral  it  may 
looked  on  as  probable  that  fnfh  ortjnn  rtgutniin  it*  mi 
mrfvplg^  bat  wo  are  still  very  far  from  being  abV  • 
in  each  instAnre  the  mode  in  which  this  repi'" 
Wo  know,  indeed,  that  in  some  orgaii-i  the  stieiui 
same  nerves  that  excite  their  functiot-  -i--  ';'-•- 
leading  to  them  j  thus  it  is  wilJi  th-. 

*  LstKheDbcrcer  aad  Dtahaa,  *  PBUif,  A^  ilF.  p.  157. 
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(he  ruu«cles.  Bat  in  many  otlier  orgaus,  the  digestive  tracfc 
atid  kidneys,  for  example,  an  analogous  conoection  has  so 
fur  not  boi>ii  cutabtishcd  ;  auJ  it  should  there£on)  be  taken 
into  consideration  wbtrlher  tho  dilatation  of  their  arteries 
during  fuuctional  activity  is  not  to  ho  referred  to  factors 
otbor  than  Ihu  iuf]iience  of  the  inhibitor;  nerves,  e.  g.  in  the 
kidcojrs  to  the  amount  of  wa«to  materials  present  in  the 
blood.  We  are,  if  possible,  still  <iror&e  informed  as  to  the 
influences  securing  that  the  contraction  of  the  ressols  sliall 
■Iwaya  lake  place  at  the  right  moment ;  in  many  cases  it 
is  certainly  a  question  of  simple  adaptation  to  the  lessened 
contents  by  tho  elastic  force  of  the  vessel  wall,  as  when  the 
masclee  or  tlie  brain  bewome  aniemic  during  digestion  ;  but! 
tl  ■biliiy  that  at  least  jnst  as  frequently  an  nctiro  con- 

I ;  ^-o-opc^»^ea  must  certainly  bo  admitted.     Be  this  as 

is  may,  yon  will  not  at  any  rote  uodcr-e»timato  tho  extent  of 
thn  varlfttions  which  the  blood-supply  of  iiidiTidual  organs 
undergnos  in  a  noroinl  condition.  According  to  lianVe,*  the 
blood  contained  in  the  ergnns  of  locomotion  in  rabbita  iB* 
almo«t  doubled  when  the  mnaelcs  pnss  from  a  state  of  reafc' 
into  a  toiaoio  couJilion  ;  be  estimates  the  blood-conleuts  of 
the  nusclefl  of  the  rabbit  at  about  3<3  0  per  cent,  of  the  total 
lOuBt  in  repose,  nud  at  as  much  as  06  per  cent,  in  tetanus. 
lerariatiuDS  in  the  blood-contents  of  the  inteslitie  in  the  ^t* 
iDg  state  aud  during  digestion  are,  if  possible,  still  greater. 

Vi  !     ■       ■  conditions  are  not  usually  designated  anarmia 
_aDd  '  _  -ill :   these  names  arc  applied,  in  a   pathological 

at  Jeaat,  only  vhen   the  deviations   from   tho  mean' 
)d-coDtentH  of  a  part  orcoed  the  physiological  limits,  o^ 
rhen  Ihey  presont  themselves  in  the  absence  of  physiological 
e«  ;  in  any  case  cunseqnontly  when  the  condition  persists 
iVtiny  rojundt^ahlt.  li-me.      It  neod  hardly  bo  pointed  out 
lat  as  long  as  tho  total  qaantity  of  blood  is  normal,  the 
pathological  animniae  and  hypcnrmias  can  only  depend  on 
iDgeA  of  resistance  in   the   t'osads  of   the  aren  affected. 
Ipcrfooc  action  of  tho  heart  and  changes  of  the  total  resist 
lift  the  vaJiciilar  Byscem  vrill  exert  an  influence  on  the  distri- 
'  '         '  ■     :'  .  d  throwghoot  the  chfcireboily ;   local 
ifttif*  cannot  be  thus  ".'Hginated. 

^  Buk#,  *  Die  BlDtretrtbeilone  und  drr  TbAti^keltafreehKl  <Ur  Oi-gnne,* 
1871. 


lid  UICAL    (HHTUUUANCHS   OP  THE   ClBCtnJlTlOlt: 


I.  Local  Anemia. 
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tomoaw. — Terminal  arttriea. — Heaulh  vf  narroving  of 
terminal  artery. — Results  of  iU  occlutioti. — £lngoryemenl7 


— Symptotiu  of  anxmia. — BeavlU  to  tke  vegfrt  ira^/?.— 
1. — Betvita  to  th»  fxai  of  Ike  vaacttlam 
9]fHem.-~Prozimal    rite    of  prewurp. — Compensation   bf 


ffsmorrhagie  infarct. — Betvita  to  th»  fxai  of  Ike  vaacttUi^M 

bn 

deertaae  of  renatance  elaewherv, — Locality  of  thia. 


If  we  begin  by  considering  tbe  M-t«riea,  we  find  thet 
pathological  increase  of  rosistance  may  result  in  them  : 
through  imtnodfrate  rnhancimt^nt  of  thv  natural  rfaiatanfta,  i.t 
of  tbe  contraction   of  tbe   circnlnr   niuscalar  coat ;  and 
through  the  acc&mon  of  new  abnormal  reaUlancea.     The  fot 
may  be  tbe  consequence  of  very  low  teniperatora ;  in  a 
of  tbe  body  exposed  lo  very  iutenee  cold  tbe  arteries  undc 
yery  considerable  contraotioD  at  a  tomperfttore  mucli  fai( 
tbnn  would  bo  roquii-ed  to  freeze  tbe  blood.     Afurtber  aieai 
of  producing  strong  contraction  oE  tbe  arteries  oE  a  part  coi 
aists  in  tbo  irritation  of  tbetr  vaso-constnctore.      On  paatii 
a  BOinewbat  strong  induction-current  through   tlie  cerrjc 
aympatfaetio  of  a  rabbit,  the  Tessels  of  the  ear  contract 
stfUitanooQsly,  and  the  same  effect  is  produced  on  the  int 
tinal   vessels  by  stimulating  the  splanchnics.      Irritation 
the  constrictors  plays  a  part  in  pathology  also.     For  thf 
are  vaieo-Tnotor  neuroaea,  i.  e.  coDAtrictions  of  morbid  ori| 
appearing  paroiysmally  in  the  arteries  of  a  pert,  e.  g.  of 
bands,  one  half  of  the  head,  &c. ;  moreover,  neuralgia* 
not  infreqnently  accompanied  by  tonic  contraction  of 
arteries  in  the  area  of  di.tti-ibution  of  the  affected  nerrej 
tbe  contraction  of  the  small  arteries  of  the  skin  associa 
with  tbe  rigors  of  fever  is  also  to  be  clasttod  here ;  then,  tc 
the  VBso-motors  are  strongly  excited  by  severttl  poieons,  cj 
opium.     Lastly,  paralysed  parts   are  often  obserred   Ut 
auoDmic  and  cool,  which  is  attributable  iu  part  to  tbo  ii 
cation  of  the  vaso-motor  nerves  in  the  m<': 
in  part,  in  the  cave  at  least  of  the  arteries  c.  ... 
the  circumstancD  that^  owing  to  the  muscular   i 
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mora  th&n  a  small  amoQDt  oE  blood  ever  reaohoa  the  arteries, 

and  tlio  latter  bQComo  gradually  anil  pormanendj  narroTced. 

New  abnormal  rcsistancca  may  make  their  appearance  in 

tJie  arteries  either  ( i )  within  the  lumen  itself,  or  (2)  fmm  trith- 

43ut.      Amongst,  the  internal  varieties  are  to  be  citefi,  in  tKo 

fimt  place,  morliid  proocsaes  in  iho  arterial  wall,  such  as  tUo 

■cleroaia  of  the  intimn  and  the  calci6cattoD  of  theciusciilnris 

already   mentioned  ;   by   tbcitc   the   wall   in   thickened   and 

tamea  oarronred,  while  at  the  same  time  the  elasticity  of 

TMsel  is  lessoned  and  its  distension  by  the  pulse-wave 

itially  impeded  or  even  rendered  impoesible.     To  tUe 

le  class  of  processes  belongs  the  eDditrteritic  thickeniug 

the  intima,  or  arteritis  ohliterans,  as  C.  Friedlaader*  calls 

condition  which  has  been  regarded  as  specifically  syphi- 

tic,  though  incorrectly  soin  my  opinion.      In  the  next  place, 

the  dc[)osition  of  clots  on  the  walls  of  the   veins,  so-called 

parietal  thrombi,  munt  be  considered  ;   this  process  is  nut. 

Fever,  confined  to  the  veins,  for  sclerotic  or  atheromatous 

Vrtions  uf  the  arterial  wall  are  especially  liable  to  become 

aeaia  of  coagulation,  so  that  both  factors  here  combine 

increase  the  resislancc. 

On  the  other  hand,  the  agencies  acting  from  ontaide  iho 

venel  which  cause  narrowing  of  a  Umiied  portion  of  an  artery, 

are  tnmonr?,  cicatricial  strictures,  and  external  constrictions. 

Or  the  external  pressare  may  be  applied  not  merely  to  one 

>iat  of  an  arterial  branchy  but  be  distributed  more  gone- 

Ily,  comproaaing  an  arttry  together  with  its  branches,  or 

{Ten   the  capillaries  fed  by  it  as  well,  so  as  to  involve  the 

Hire  vascular  supply  of  a  part.     This  is  the  case  iu  %-oIami- 

I  kumours  and  exudations,  in  collections  of  air  or  of  liquid 

considerable  distenaion  of  the  walls  of  a  caiity,  or 

ipyiug  a  cavity  whose  walls  are  unyielding  and  iucapable 

disttiusiou  ;   thus  the  vessels  of  the  brain  are  compressed 

■ererc  hydrocephalus,  those  of  the  luug  by  a  vulumiuuus 

ritio  exudation  or  by  a  pneumothorax  with  air-teasioui 

of  the  iutCDtine  iu  extreme  muteurism. 

The  pathul'jgicai  hypersamias  of   other  organs  munt   be 

rationed  as  the  tliird  cliiuf  cause  of  local  anaunia.     This  is 


C.  Fr- 


Ctihl.,'  1871.  p.  6$;  Hanboer,  'Die  luetlcehe 
'n,'  I B74 ;  Baanigsrteiit '  Virch.  A.,'  buvi,  p.  268. 
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a  variety  of  local  aniemia  wLich  ia»y  in  iUolC  attain  vi 
great  unportaticc  ;  but  itn  iltttciisMinn  will  bu  lulviuitaf^soailj 
postponed  till  after  tiio  bypcnuintas  have  hocn  counidet 
iiiDsmach  as  tbuse  constitute  its  primaTy  ilBtortaining'  faotol 

The  Ingbest  degree  of  iooreased  rusiHtaDce  iu  au  arU>r^ 
brought   ubuut,  aa   is  self- evident,  by  its  uccltuiiitH.     Tt 
tetanic  contraction  of  the  ctrcnlarmuHoular  ouot  may  prndQC 
this  effect  can  :it  any  moment  be  demoDstroted  by  pownrli 
electrical  stimulation  ;  bnc  such  occlnsiun  will  burdly  ever' 
of  moment  in  pathology,  for  both  muscles  and  nortrs  will ; 
doabi  be   speedily  wearied,  and   thus   the   chaimela  af 
become  perrious.      On  the  other  hand,  it  is  not  nncomi 
for  tho  Inmen  of  an  artery  to  be  completely  occlnded  by 
called  *' obsttufting  pUt^',"  either  thrombi  or  emboli;  or 
cbanucl  may  be  oblit«nUed  by  excessive  pressure  and  cot 
ietrictioo  applied  from  without,  of  whioh  tho  simplost  exampi 
is  afforded  by  the  li/jafttrt. 

On  more  particularly  examiniDg  into  the  ooosequoDcea 
<lHe  circnlatiou  through  a  pari  from  un  iiicr«as»  of  reaiat 
in  its  arteries,  one  point  is  fuund  to  be  of  critical  imports 
for  the  whole  process  ;  namely,  the  jmacnre  trr  abwncti  in  : 
of  the  feul  tjf  increaitcd  reviaianee,  i.e.  betweuu  the  oListiu:! 
and  Hiv  capillurit's  fed  by  the  artery  in  qaostion,  of  latotJw 
arterial  iijj'wt  itirLvtlif  continuous  inUt  stmu- jrve  urtvry  or  oth^^M 
and  forming,  conseijuently,  a  tme  eoliatcrtU,  or  mora  oo^H 
rectiy,  ona/'(<'i/i<»iiV  branch.  If  each  bo  present,  tlm  itab«e-  " 
quent  oourso  id  events  is  vor}*  simple  For  the  blood  La  .eon' 
ducted  by  moaos  of  the  anastomosis  into  tho  section  of 
artery  lying-  beyond  tlio  narrowing,  and  tho  circolati 
thruagh  die  capillaries  and  veins  previoosly  fod  by 
affeottd  artery  now  proceeds  in  a  regular  manner.      In 

Be  it  U  obviously  imuatertul  whethur  the  abnomiU 

ICO   in   Ibe  ai-tery   be  tntliiig  or  groat^  i,t.  wh*(i 
vessdl  is  merely  narrowed  or  completely  qccludi>d  ;  w 
also  immaterial  whether  the  annstomosis  n 
licyund  the  ob-stacle  iu  the  occluded  artorv  •-.    ■ 
lateral  branches  pass  off  in  the  intcrreniui,'  spii 
lattor  case  these  will  altM)  draw  ihcir  M  i 

moai*.     Tlie  only  point  of  importai"-'  '■ 
of  tho  occluded  and  the  coliatural 
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±.ho    latter  and   ilio  more  nbiindant  Iho  qnanfcity  of  blood 

tinipplied  bj  it,  tthfi  mora-  toadily  aad,  in  particular,  ntpidly 

-viU  compewfvtion  take  plfit-e  ;  nnd  to  thm  end  it  nill  ovi- 

^eutlf  ho  conducirt',  (bat'  t)ic  gfnurul  arterUl  blood  •pressure 

"Lo   bi^li  ami  tbo  Jiaarc  work  vigbroasly.     If,  on  th«  otbar 

land,  it<     .    '  '  disparity  between  tlie  sue  oE 

la  aiir  I  im  is  impeded  and  tbo  auasto- 

lo^ia,  Ihe  laLk-r  c&unot,  at  leoat  at  firat,  forward  as  mach 

iiitu  thu  arc'ii  of  dieirilnttiuQ  bf  the  artery  couccmedas 

lid  uoruitilly  reacb  it ;  ihv  actiuu  of  tho  increased  resists 

I  IB  not  reuored,  but  merely  iveakencd,  and  the  oonse-i 

let*  iu  thin  tusu  too  is  .locui   ftrwrnta,  thoagh  of   aBOino- 

uiild(3r  cliuracter. 

Such  compL'DHation  is  whoUy  impcBsiblo  when  the  obstoclQ 

not  statod  in  a  cirouaiscribed  portion  of  the  vesael,  bnt 

rolvM  th[t  art-tiry  in  u  greater  pnrt  of  it^s  extent  boyond  the 

poiuiiof'inosoalatioo,  i.  et  whero  ic  incladoa  the  anasttomoflisy 

)r  wiiors  4ho  whole  of  tlie  nrtt.'i'iiil   branohoH  together  with 

khe  eopillurioH .  are  implicated.     It  is  also  impossible  whea 

[no  uiaBtoniosis  ift  preaonl   between    tiie  resistance  in  tiiB 

try  and  it.t  capillary  area,  wlum  oonsoqaontly  the  obstacle 

lated  ill  a  Urminal  arfenj.      Tbo  first  condition  ia  found 

ria  amomta  dependent  on  raso-uiotor  iofluenoee ;  in  wlmtorj^an 

Itii*  latter  may  make  it<;  rt|>pi>nntnco  depends  altogether. on 

fthe  Aualttinicu)  arraDf^'emcnt  of  its  vcHseU :  I  remind  you  by 

&v»y  vf  illustratiou  that  tlie  branches  of   the  renal  artery^ae 

troU  ua  thuMj  supplying  tbe  apleco,  do  not  aDastomuse  after 

tleriu{^  their  reipectivo  orgoua.*  u 

'Tbo  direct  coaac^iaoDcefi  to  the  oirculatton  of  tho  ailected 

:re«daiug  frutn  tho  increase  of  artei'ial  rosiatance  way  in 

^|Imm»  Oases  bo  cstimatbd   without  much   difficulty^  lor  Uie 

tflbot  or  thu  nudstanco  im'lhe  iilood-strcaui  may  be  briefly 

ilaLed  as    follows;    I.    Eyt-rfj  TeinitUinc£  vnUrjxjluiai  at 

U  in  Ihf  vaacular  ififftna.  increaM»  the  taiwion  ut  ihf 

i>pur£tBn;    3.  Ewrtj  nswianee- renders  iha  local  e^uati- 

SJinllfi.o.  rUurdirlJi,:  jttream. 

■■T"»*qnentJy  ol  any  point,  the 

ti  riroMitro  i  the  less  tbo  qnnntitr  of 


120 


LOCAL  DISTUBBAJWHBO! 


lett 


blood  QoTTing  io  the  onit  of  time,  or  the  slower  tbe  blood* 
stream  up  to  and  beyond  the  impediment.  AppIiiHlto  increki 
resistance  in  the  arteries,  those  considerations  show  in  tho 
first  place  that  the  arterial  blood- pressa re  mast  bo  augment 
proportionally  to  the  amoant  of  the  resistance ;  but  on  this  sut 
ject  and  on  the  different  modes  oi  compensation,  more  here< 
after.     Wo  shull  confine  ourselves  for  tho  present  to 
vascular  area  in  whose  afferent  vessels  the  resistance  is  in< 
creased,  and,  after  all  that  has  preceded,  we  mny   dismiss 
the  topic  in  a  few  words  :   the  greater  the  re*w(ance  the  ten 
bU/od  canjioie  into  tlie  vevveh  and  the  sltncer  itt /vrtr<ird  inotu 
tkrouyh  them.     This  imperfect  filliug  and  slow  stream 
prevail  up  to  the  point   where  a  stronger  and  ampler, 
possible  augmented,  blood-stream  unites  with  the  weak  one; 
But  since  the   pressure  in   the   neighbouring  capillaries   is 
inadequate  to  create  a  flow  of  normal  vigour  in  the  otuumic 
capillary  area,  the  union  will^  in  the  absence  of  arterial  as- 
astomosisj  take  place  only  in  the  veins ;    the  anastomoses 
Form  bat  a  particular  example  of  the  general  law.     Aooor> 
dingly  tho   dimensions  uf   the   poorly   filled    vascular  area 
depend  altogether  on  tho  scat  of  tho  pathological  resiatanc*.  , 
If  only  a  small  terminal  artery  be  narrowed,  the  aoan&l^| 
area  is  proportionately  limited,  for  then  it  ia  the  arteries  o^l 
the  immediate   vicinity  that  are  hypcrsmic,  in   a  state  of 
flnxion,  so  that  one  of  these  vessels,  in  which  the  blood  Bows 
with   increased   preBsnre  and   velocity,  will  soon   discbarge 
itself  into  the  imperfectly  filled  vein.     On  the  other  haod^ 
if  you  stimulate  the  cervical  sympathetio  io  the  nkbbit,  nltnc 
no  blood  flows  from  the  exposed  principal  vein  of  the 
during  the  passa^  of  the  electric  current  thrungh  the  nvrrc 
Tou  may  observe  the  like  effect  in  the  v./emoralie  of  a  doj 
whose  sciatic  is  tetanized,  and  Bssch  miw  the  blood-sti 
in  the  portal  vciu  almost  dry  up  during  the  period  of 
excitation  of  the  n.  uplanchnioi.* 

But  if   we  more  citwely  examine  the  oircnlation 
anwmic    vascular  area  certain  liiSerences  become 
rbich  are  conditioned  essentially  by  the  degree  of  the  lat 
)lated  resistaDce.     If  the  Utter  lie  moderate  iv- 
tbat  the  blood  in  front  fiows  under  a  tension  wi 

Dtadt,  *Mxh.  au  il«m  Utps.  phjtioloit.  lattilut,'  tfl]£. 
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v^cdaced  bolon  tlie  normal  stAndard,  continues  tolerabljr  bigh, 
(lie  sole  rcsall  is  more  or  less  retardation  of  the  llood-><frcatn. 
JShoulil,  however,  the  resiatanoe  exceed  a  certain  value,  and 
^be  tension  in  front  of  it  become  minimal  in  conseqaeace,  % 
<^uiiDVitj  of  blood  will  then  force  its  way  from  tbe  capillariea 
Ixinlering  on  and  communicating;  with  the   anremio  region 
into  the  vessels  of  the  latter.     The  amonnt  of  blood  in  the 
anaBmio  portion  is  thas  increased  ;  nevertheless  the  pressnre 
suder  which  the  blood  penetrates  is,  as  already  remarked, 
Smr  from  saEBoient  for  the  establishment  of  a  proper  flow. 
lEtather  the  portion  which  hoa  penetrated  from  tho  periphery 
¥«Miiibles  in  its  sobseqaent  movement  tho  original  blood  of 
tho  area    in  qaestion,  t.  e.  it  pusses    very  slowly  forwania 
toward  the  veins.      And  the  degree  of  forward  motion  may 
aoder  such  cirootn stances  become  so  slight,  Ihal  U  crattfin  to 
he  ni^!«tmi  to  keep  the  gpecifieall^  heavier  bU>od-<orji%i»cU«  huh. 
ftmdtd  in  Ihe  liquor  sanguinis,  and  allows  them  to  settle  in  the 
eapUlftries.     Tho  oonseqnonce  is  obvious  ;  a  tolerably  large 
qaaaiity  of  red  blood-corpnscles  must  gradually  accnmnlate 
h)  tho  onpillary  rosaela  of  a  highly  anajmic  pert.     When  Uie 
ndstiuice  is  extreme,  t.  e-  when  an  end  artery  is  not  merely 
oarrowcd  but  completely  occluded,  a  fresh  complication  arises. 
'or  Kere  the  pressure  in  the  vaAcular  area  in  front  of  the  oo- 
ided  spot  is  equal  to  zero,  so  that  oo  sort  of  motion  can  take 
pUco  in  it ;  the  st»nd>still  of  the  blood  is  complete,  the  voseels 
being  more  or  less  foil  in  proportion  to  the  rapidity  with 
which  the  closure  has  tukeu  place,  i.  e.  according  to  whether 
the  arteries  have  still  been  able  to  discharge  their  contents 
not.      But  this  ares,  from  which  tension  is  wholly  absent, 
it  only  communicates  peripherally  with  the  adjacent  capil- 
bat  opens  at  some  point  or  other  freely  and  directly 
ito  a  Vein  whose  blood  flows  under  slight  but  etiU  positivo 
laro.     Tho  necessary  consequence  must  be  the  establish- 
ment of  «  retrograde  stream  into  the  occlnded  area  ;  this  will 
maintained  till  the  latter  has  received  so  mach  blood  from 
lu  vein  and  tliu  capillaries  of  the  neighbonrbood  that  a  state 
of  equilibrium  between  the  tensions  in  the  aneomic  area  and 
lOimunicnti:  '  ^  extn-blislied.     This  stream  cannot  from 

le  nature  ot  :..^ e  be  more  than  a  tardy  one,  so  that  the 

ntroffrade  filliuij  may  bo  absent  altogether  or  very  incon- 
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sidcmblo  slioald  any  nlher  obsiacsU*,  Biirti  bh  gmvity, 
example,  act  in  opi>05ition  to  it.  la  jtartu'ular,  it  can 
iake  plHce,  as  will  at  once  occur  to  yon,  wlien  thoro  ia 
obstruction  from  tbo  presence  of  vnlvra  iu  ilio  veins, 
in  an  nraa  whoise  veins  arc  valveless  tho  nnioitiit  of  blc 
peuetrating  laterally  from  the  capillnrics  and  in  a  ivtro((Ta4o. 
tnanuer  from  tbe  veins  may  be  eo  oonsidcrable  ilini  it 
be  proper  to  speak  of  actual  cngoryvmiiil ;  oucnaioualty 
entire  part,  whoso  affurcnt  Toasels  iU-e  occluded,  u^kui 
nnifvrui  intensely  dark  red  appearuucut  The  ivbole  pt 
of  engnr^eDicnt  and  rcirogmdu  Itow  way  be  fulluwud 
convenicntty  and  clearly  in  the  tongue  of  a  cumriiie'l 
The  application  of  a  ligatnre  to  one  of  tJio  two  Inrg<?  iftt 
conrsing  one  on  each  border  of  tbe  tou]^'uu  I'mm  tho  k 
gnrfnt-e  of  the  bnccal  eavity,  or,  pcrhRpn^  to  additiuu  to 
anastomoses  connecting  these  two  vesaels,  ih  all  tliat  ia 
Bory  t-D  effect  our  pur]>ose.  The  reins  it  is  true  are  here 
Tided  with  valves,  but  those  iiru  rudimentary  and  itnmovat 
and  do  not  therefore  constitnte  any  impediment  to  the  tmuth' 
grade  tlow  of  tho  blood.* 

A  dtagnoflie  as  'to  whether  n  part  of  tbe  body  is  in  & ' 
ditioD  of  a»ir;nia,  or  itchatmia — to  adupt  the  term  propol 
by  Virchoir— <-is,  of  course^  not  diflioult-if  tho  affected  of 
is   sitnated   auperticially,  and  therefore  accessible  to  dti 
inspection  and  examination.     Au  anwinio  part  will— if 
of  the  complicntionB  just  described  is  prweut — bo  jMth  ; 
teln|K>rature  must  very  soon  bo  roducod,  and  it  will  Feel 
to  the  touch,  simply  because  tha  aniouuL  of  boat  inpi 
it  no  lunger  counterbalances  tlio  coiiLinuuus  hisft'of   bcttt 
radiation,  after  the  quniiLtty  of  bloud  euturiuf^  the  v«nel 
the  urea  inqocatiou  has  diminished.     Lastly,  tho /uiynr,' 
L.depon4s  essentially  on  the  ndefpiate  fiilntJbH  of  tho   vc 
'■will  aa  a  rule  be  less  iu  an  RDUitnic  part.     That  u  doct 
in  tho  j  aides  of  tlie  pnronchyroa  oo-operatoa  in  prudv 
this  jlacnilHtf   cannot   be  anaertod  off   )i.     '    '       Ihi 
is  curtain  that   transudation   and   lymph  < 
formed  in  a  portion  of  the  body  aliogelhor  deprived  oj 
whoso  In'        '    'ii    ,  I  ;i.  id  oompT 

nut  be  1-  ,  >  r  hand,  t' 

*  Cuhnbeiin,  L  i 
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Xjudwig^s  laboratory  liara  shown  timt  the  prodnctiOQ  ot  lymph 

'3-11  luiicb  moro  iodopondi-ut  of  tlii.>  vigour  of  tlie  flow  through 

^hu  lU'torios  of  a  part  than  wa^j  formerly  jjEeaerally  assuiuod.* 

MorooTcr,  it  will  ap|>ear  9elf-«viJeut  to  you  that  niota- 

1     '<sm  tniiist  be  impa'in^il  in  an  autemic  organ,  aad  that  thO' 

_^..'..-iii)ns  It*  welt  as  the  ntUnlion  of  tlio  oigi^n  must  suffer 

an  coiueqiioace,  both  of  them  in  proportiou  to  tbo  severity 

uud  duration  of  th»   auesmia.      It   may  be  said  in  general 

that  aiiiouiia  unfveblea  or  dopresses  tho  functional  power  of 

uiL  orgun.  thai  it  iti  gradually  followed   by   emaciation   or 

ain^ph'j,  aud  thai,  should  tlio  blood-supply  fail  complotely, 

the  aQuctud  part  succuutbH  irrecoverubly  to  necru»is,  doiith. 

tWf  stuill  Qgaiu  havo  to  recur  to  thctio  matters,  aud  to  deal 
,«itb  them  thoroughly  in  connection  with  tho  pathology  of 
inctAbobam  and  iu  our  treatment  of  tho  indiTidnal  organs  > 
hen*  WD  shall  merely  discuss  brieHy  thu  eff^etn  of  ans-min  on. 
4he  vatintlar  iiuxhariiifm  U/fclf,  i,  e.  on  iUe  heart  antl  temielA. 
'^Vu  ha.vu  already  uxamiued  the  consequences  of  anaimia  to 
the  l^oart  itaolf .  For  increase  of  rcsistunoc  in  the  coronarisa 
s  immediately  coDcomcd  hero,  and  you  will  feol  perfectly 
at  hcdno  oil  tliti  subject,  if  you  only  recall  what  I  formerly 
told  you  of  tho  results  that  ensue  after  occlDitiou  of  tho 
eoroiutry  artorica,  on  tho  one  hand,  and  after  sclerosis  of  the 
BUue  vcflAcU,  on  the  othor. 

With  regard  ut  the  vessels,  I  hare  already  stated  that  they 

diiatf  when  uo  blood  has  llowu  through  thorn   for  a  time. 

Tci  if  the  blood  has  been  excluded  from  tho  vessels,  if  aussmia 

ia  ibe  fullest  eenao  of  tho  word  has  la^tud  longer  tluiu  a  brief 

period^  somotliing  more  than  dilntaiiou  occura.     Om  firmly 

ippl^nng  a  ligature  to  tho  root  of  a  rabbit's  oar  so  that  tho 

traui»  of  blottd  into  the  vdsmjI^  aud  iuLo  their  rri.va  vam- 

ttt  rtudured  im^mssiblo,  allowiug  it  to  romaiu  in  poai- 

:- ....     -  .]..  jg  ^QQ  ijours,  and  thon  removing  it,  the  ear 

M-nten  (u  gieeft  to  ayrvairr  or  less  extent.      It 

ija  s  doagliy  tumcFactum  of  a  rosy  hue,  and  on  examin- 

ba  ehuo  of  the  Bwelling  you  tlnd  tho  ineshca  of  the 

the  ear  distended  with  fluid  and  moreover  filled 

vil'i  '  tti  large  quuutily  of  lymph-corpuscles.     The 

.'.  a(u  (Itni  Vm\\<i.  pliysiului;.  Iiist.,'i873;  Euminglifttn, 
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longer  the  iot'erTAl  allowed  to  (Oaps«  brfore  looseoiag  UmI 
ligature-  tho  greater  will  be  tbc  quaotit^of  lympb-corpaiclM 
found  in  the  meshes  of  tho  tissues;  while  if  the  ligature  haw, 
remained  applied  for  abont  twenty-four  hoursj  yoa  nerer  faili 
to  find  dark  rod  spots  and  streaks  in  tho  swollen  oar,  reoog- 
nisablo  to  tho  naknd  eye,  but  moro  clearly  on  microa^opiinl 
examination,  as  pancliforin  and  linear  htrmorrhage*.  The 
EiKO  and  number  of  ihese  ha^iuorrhagea  are  variable,  yet  it 
may  be  ^aid  in  general  that  tbe  t'ffo&ion  is  abundant  in  pro- 
portion to  the  darntion  of  the  anaemia.  Sometimes  the  aar 
ia  metamorphosed  into  a  greatly  swollen  dark-red  organ  iB- 
illtrated  throogh  and  tbrongh  with  blood.  Thiti,  of  conrMf 
hae  its  limits.  For  when  the  ligatnre  has  been  applied  foi 
fully  two  dnya  and  more,  the  ear  commonly  rotitinuca  ctdd, 
ahrnnkco,  and  dry,  in  which  case  it  simply  withers  up  with- 
ont  any  other  erent  being  observed.* 

What  is  the  Bigin6cance  of  tliin  whole  Reriea  of  pbonomeBa 
recnrring  with  such   perfect  constancy  in  all  organs  after 
they  bare  been  robbed  for  a  time  of  their  blood-knpplyTJ 
Now,  that  the  swelling  ot  the  ear  and  still  more  the  hntnor-j 
rhagic  iuQUration   must    have    had  their   starling- point 
the  vessels  will  not  be  doabted   by  anyone,  and  since  ifa4 
lymph -corpuscles  are  in  no  way  distinguishRble  from  colour- 
less  blood- corpuscles,  it  is  a  jiriitri  probable   that  they  ar6 
also  derived  from  the  blood-vessels.     Ou  direct  tuicn>soopi( 
observation  of  the  whule  procese  in  the  tooguo  uf  the  frofr, 
this  probabdity  is  converted  into  certainty.      For  there  ia  nii 
the  least  difficnlty  in  here  duterminiog  not  only  the  ooeai 
renco  of  general  dilataiion  on  loosening  the  ligature  applied^ 
fur  some  hours;  one  may  also  convince  oneself  that, 
the   disappearance  of  an    immmia  of  same   days*   dumtioB, 
coUiurUntf  and  red  itoud-nirpuxfifj',  tinjfitUcF  with   liquivr  «u- 
jfuinuf,  paaa  in  abundant,   indeed  supeTabondaiit,  lyuitrUiVyj 
ihrouQh  the  valU  nf  veins  and  eajiitUiriea.     While  reaervinj 
tbe  more  thornngh  study  ot  these  remarkable  procP8E<*3  (or 
a  subsequent  oc-casion,  it  follows  from  what  has  just  bcv] 
stated  that  the  funeixon  o/  Me  vttgd  \caUti  ia  intensely  injt 
by  an  oxlreme  aniemia,      Blood-veKSels  tbroagh  which 
through  whose  roaa  vaxorvm  no  blnod  has  6own   for  a  ooB> 
*  CotmliniD, '  UolffnoBhanytii  3brr  dii  cmbnltMhen  FtneoH,'  Balls.  iSjl 
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ndorable  time  are  no  longer  capable  of  coafioiug  the  blood 
is  their  iateriorj  but  allun-  tbeir  coiitcots  to  percolate  through 
ill  quite  an  abnorainl  manaer ;  the  permeability  of  their 
til*,  their  porositif,  has  therefore  become  abnormal.  More- 
holds  good,  as  I  may  at  once  remark  here,  of  the 
c-..^  -  H  and  the  veins  alonej  and  not  of  tho  arteries;   lo 

the  two  former,  however,  it  applies  in  all  organs  with  only 
a  singli^  point  of  difference,  namelj,  that  the  vessels  of  tbe 
difiereut  areas  react  with  unequal  vigooi"  and  rapidity  to  tho 
iaohajuiia.     Why  it  is  that  tbe  resaeU  of  the  intestines  and 
of  tbe  brain  are  so  soon  damaged  by  cutting  off  their  blood- 
tppljr,  wbilv  those  of  the  skin  and  muscles  are  so  alow  to 
iiTO  injury,  Bltll  requires  to  be  cleared  np;  the  fact  ia  but 
new  link  in  the  chain  of  phenomena  wbich  points  io  tho 
jucluaiuu  that  the  vesaels  of  tho  various  areas  are  far  from 
}gotbor  similar  and  equivalent  in  point  o£  physiologicat 
Hind  histological  characters.     Tloso  of  you  who  have  already 
applied  ynurselves  lo  the  btudy  of  surgery  do  not  require  to 
be  remiuded  bovr  great  an  importance  the  capacity  of  the 
TMSuls  of  tbe  skin  and  muscles  to  withstand  auemia  has 
altoiued  in  modem  surgical  technique;   for    it  vras  this  that 
aUowcd  Esmarch   to  ventare  on  the  application   for  boura 
at  a  time  of  an  india-rubber  tube  to  an  extremity^  in  cvder 
thafc  he  might  be  able  to  operate  bloodlessly. 

On  viewing  in  the  light  of  these  experiences  the  peculiar 
OM  alnady  diaoassed,  namely,  the  occlusion  of  a  terminal 
ry,  we  find  it  to  be  a  necessary  coosequcnco  that  after  a 
le,  when  the  walls  of  tbe  capillaries  and  veins  have  bocomo 
^normally  permeable  »»  a  result  of  the  failure  in  the 
rterial  blood-supply,  tbe  blood  that  has  forced  its  way  into 
lino  must  pass  through  their  whIU  and  infiltrate  the  meshes 
tissues  of  tbe  neigbbonrbood.  Under  these  circum- 
thtt  part  in  question  becoraes  filled  to  distension  wiih 
bloodj  which  occupies  not  merely  the  vesscla  but  also  the 
space  surrounding  them  ;  tbe  meshes  of  the  tissues  of  the 
pari  come  to  bo  completely  stuffed  with  blood,  there  arises 
what  is  commonly  designated  a  htemorrhaffie  infarct.  This, 
you  perceive,  is  the  combined  effect  of  the  eugoi^ment 
and  of  the  abnormal  pormoabiltty  of  the  capillaries  and 
Teooiu  walls  brought  about  by  the  arterial  ischiemia ;  where 
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followR  secondarily  on  a  local  brperreniia ;  since  in  tliis  caso 
XTr  liiirp  tinf.  to  seek  far  in  order  to  discover  wliorc  thebltjod 
t-liut  liiiH  luft  tlie  nujoinic  area  is  hidden  ;  for  it  is  absont  only 
Ijocnnse  tbd  hypenemio  area  contnina  a  suborabandaut  qnau- 
tiity.  On  the  other  hand,  the  question  as  to  tbo  abode  of  lifae 
lilood  in  pi-imary  local  aoieraia  is  by  no  means  so  coaily 
aiiiiwer(>d  as  was  formerly  supposod ;  for  the  nbolo  compli- 
cated mechanism  recently  described,  by  moans  of  wliich  the 
body  in  eniiblu'd  to  regulate  the  resistance  in  the  various 
portions  of  the  vascuhir  eysicmj  comes  into  play  here. 

The  first  and  imniodinto  result  nf  an  elevation  of  arterial 
Teaistanco  is,  1  need  hardly  repeat,  a  risa  of  arterial  pre^artre 
(in  the  }trt*ximal  ride.  You  will  understand  me  to  speak  of 
the  gtiiernl  arterial  pressure  ;  for  to  suppose  that  tho  tensions 
in  the  various  arteries  of  tho  body  can  over,  amongftt  thctn- 
■olre«,  preaent  differoncoa  other  than  such  as  may  bo  oon- 
dttiEHioit  by  tho  remoteness  of  tho  respcrtivc  ressols  from  the 
bHWt  would  be  to  misunderstand  the  fnndnmontal  laws  of 
luenKwlynnmics.  On  connectinf^  a  manometer  with  the  a. 
fewutralin  by  meana  of  a  H  shaped  cannula,  it  is  the  Intflriil 
presaarti  in  this  vessel  you  measare ;  on  now  occluding  the 
peripheral  i>ortion  of  the  femoral  in  front  of  the  cannula  yoo 
iQMsnro,  it  is  obvious,  the  lateral  pressure  at  the  point  where 
tho  femoral  arises,  in  this  case,  therefore,  that  of  the  ib'aca 
cxtttmn  or  at  most  of  the  iliacu  communig  ;  and  this  preseure 
-ly  the  same  aa  that  of  tho  other  iliac  whoxe  femoral 
t:.-vL  :.-  [icrvioue.  And  if,  instead  of  simply  oceludin{^  the 
foiDoral,  you  encircle  the  opper  part  of  tho  thigh  of  a  dog 
with  lui  india-rubber  tnl>e,  eo  aa  to  completoly  prevent  tbo 
aececs  of  blood  to  the  extremity,  a  manometer  pUced  in  tho 
femoral  immediately  above  the  t^onstriction  shows  a  rise  of 
presiure  nut  a  whil  higher  than  that  exhibited  by  a  second 
■lanoueter  in  coTinection  with  the  animal's  nimtid.  Precisely 
tbe  same  resulta  are  obscrvefl  in  both  the  manometers,  if, 
instead  of  ligaturing  an  entire  extremity,  the  sciatic  be 
dividetl,  and  a  strong  induction-currene  passed  through  the 
peripheral  portion.  The  general  arterial  btt>o<Ufrtaii»ur«  rvmi 
*'  tn  the  uamunt  nf  the  rpMitanfet  and  this  ri»«  is 

n  ^»ni ))<•., U.I /iVn  ts  «ffefted.  hy  t^"^  (f-v^^nM  of  tka 
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But  wbei-e  aad  how  does  thia  decrea8«  Uke  placo  ? 
tlie  et&sticity  tins  ouly  source  of  resistance  in  tbo  art< 
everytbiug  would  bo  very  fiimplo  ;  tlio  iucroased  prosaoM 
would  go  on  distendiug  the  BtiU  pervioas  Te«seU  till  tho 
ttoit&d  sectional  area  of  the  effluentn  became  exactly  as  targe 
aa  it  was  before  the  uarrowiog  of  one  or  more  of  tbem. 
Thie  aotually  o(%ura  in  the  lung,  aa  we  bavo  already  gbown 
{p.  IU5)  J  sliuuld  a  Duniber  of  pnlmooary  arterial  br&ncbos 
be  occluded  by  any  patholojfical  process,  the  rcmaiader  all 
undergo^  in  consequence  of  the  increase  of  proasure,  a  amfomi 
dilatation,  so  extensive  that  during  the  same  interval  there 
now  flows  through  the  reduced  vascular  sfBtem  the  same 
quantity  of  blood  as  before.  Snch  a  ouifornj  stretohing 
utterly  out  of  the  question  in  the  systemic  circatatton  .- 
because,  aa  already  stated,  the  elasticity  of  the  << 
Tascul&r  areas  is  very  nnequal ;  the  ressels  of  the  mntelea 
can  more  readily  relax  under  the  influence  of  the  inci 
in  lateral  pressure  than  can  those  of  the  skin.  Add  to  ihii 
however,  the  capacity  inherent  in  the  arteries,  of  the 
for  example,  and  also  of  the  kidneys  to  coutraot  actHrelj 
against  an  increased  ruub  of  blood ;  and  consider  abore 
the  power  possesbod  at  all  times  by  the  nervoaa  system 
neutralising  the  effect  of  the  aogmentalion  of  lateral  pressi 
by  strengthening  the  cuutracliou  of  the  circular  mnscul 
coat,  or,  on  the  other  hand,  of  co<operatiug  by  causing  the 
relaxation  of  these  6bres.  Thus  the  nature  of  the  regulation 
in  these  cases  is  in  truth  anneually  vuriedj  and  it  ia  abse- 
luLoly  untruo  that  precisely  that  vessel  isdiULed  which  ariaos 
from  the  aorta  close  above  the  occluded  one — an  idea  whiel 
in  the  abstract  is  vary  apt  to  occur  to  une'a  mind.  Rotlit 
tho  blood  dislodged  from  the  anmmic  area  goes  wherei 
it  fiudH  the  rcsi^itance  least,  and  it  finds  thisf  at  any  ral 
lastingly,  irherticcr  it  in  iiitflf  most  needed,  1  do  not  deo] 
that  this  whole  view  sounds  very  teleol<^oBl,  yet  yon  will 
not  allow  yourselves  to  be  mi&led  by  this  aa  soon  as  jrt 
perceive  that  the  law  just  enunciated  is  merely  a  brief 
pression  of  the  facts  of  the  case. 

Lot  ns  review  with  this  object  all  tho  possible   iudivil 
cases.      It  very   frequeutly  happens  that  tn  a  part   ol 
body  receiving  its  blood  from  several  arteries  one  or  more  i 
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lese  ondorgo  au  iaoroase  of  rosistance  ;  or  that  tn  an  organ, 

^lU  of  whose  parts  are  appropnateil  to  the  same  function^ 

^»BO  of  ihcm  is  doprivod  of  blood.     Tbc   latter  occurs,  for 

«j[anipli?,  wbon  a  branch  of  the  renal  artery  is  occladed,  or 

^whcn  thronjt^h  some  acoidaat  or  other  a  coil  oE  intestino  be- 

^fcomcs  anemic ;  tho  simplest  example  of  the  first  is  ligatore 

of  tfao  a.femoralis  in  tho  hinder  extremity,  or  of  one  of  the 

carotids  in  the  head.     What  takes  placo  hero  ?      After  the 

occla«ion   of   the   affected    channel   the  blood,   nnable  any 

longer   to   onter   it,   paasea  ittto  the  remaining  $till  peri'uiu* 

<iTl«rie*  leading  into  the  part  of  the  body  In  qaestion.     These 

are,  it  is  true,  in  part  collaterals;  so  it  is  in  the  head,  (ha 

«xtrcmitioSj  and  tho  jntastinos  :  in  the  kidney,  however,  the 

liranches  of  tho  a.  renalU  hare,  as  I  formerly  intimated,  no 

cooDeciiun  the  one  with  the  other ;  moreover,  in  the  intes- 

ines  the  loops  bordering  on  the  ansemic  one  become  hyper- 

lie,   when   the  occlasion  of   the  arteries   of  the  antemic 

)p  has  been  produced  in  their  whole  extent  by  injecting 

ehroDute  of  lead  in  suspension,  and  a  collateral  circulation 

uUiai  rendered  impossible.     That,  furthermore,  the  respective 

diiona  of  the  arteries  concerned,  i.e.  the  order  of  origin  from 

the  main  trunk,  is  perfectly  immaterial,  is  best  shown  by  the 

fxamplc  of  the  carotid  already  adduced;  for  ahypenemiaof 

(ho  right  arm  has  never  been  observed  after  ligature  of  the 

tarotig  communis  dettra,  although  in  man,  as  yon  know,  tho 

right   carotid  and  right  subclavian   spring   from    the   same 

trunk,   tho  anonyma.      It  is   the  caroiia  cominuni*   sinistra 

arising  lattir  from  the  aorta  and  to  a  less  extent  the  verto- 

hial,  an  olTset  it  is  trno  of  tho  subclavian,  which  now  carry  to 

Uu)  head  the  wholn  of  the  blood  whose  passage  thruogh  tho 

>tid  ia  barred.     In  tho  dog  and  tho  rabbit,  however,  yon 

tj  occlude  tho  verivbralis  and  carotin  dextra,  and  even  the 

twarotig  timttrn  as  well,  and  yet  the  bead  still  rocoivos  almost 

Um  same  quantity  of  blood  as  before,  because  it  is  the  left 

sabciavtan  and  not  tho  right  that  dihit«a,  and  this  dilatation^ 

far  from  taking  place  in  all   its  branches,  occtir«  onlif  and 

ihtlff  in  the  artehral. 

The  mle  is  atill  more  clearly  oxcmplifiodj  when  one  of  two 

la  having  the  same  function  bat  lying  apart  from  each 

oCber  li«vomes  auwmio.     AJicr  ligature  of  one  artoria  rmali* 
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its  blood  patnes  iiito  tJte  oiker  va>$cl  tutd  nowhcrg  e/to. 
bfpcrtropb}'  which  oo  qnickly  ensaes  in  cme  kidney  un 
loss  of  its  follow  wns  kmg  since  suggestive  of  this. 
Gxportments  of  Kosenstein,  however,  afford<?iI  the  firct  tL 
proofs  of  tho  fact ;  iu  doga  which  had  homo  well  the<  op 
tioa  of  ligntanng  ono  of  tho  renal  aj-fcoriee  or — what  for 
parpnso  is  fall;  oqaivalent — tho  oxiirpation  of  a  kid 
ho  obscrrcd  no  sort  of  altoration  in  tho  omonnt  or  cons 
tton  of  tho  nrino ;  neither  the  water-  nor  ihe  areo-oont 
were  in  any  way  changed-*  Kolico  that  this  takes 
whether  tho  right  or  the  left  renal  artery  is  occladad, 
oa\y  in  tho  o&so  of  tho  left  oonld  it  bo  supposed  thai 
other  artery  diUtes  bocaoto  it  is  iho  nearest  vessel  ari 
from  tho  aorta  on  tho  proximal  aide.  That  the  same  I 
occars  in  other  paired  organs  or  in  such  as  have  onalo 
fonctiouB  is  in  my  opinion  clearly  supported  by  the  occnrr 
of  hypertrophy  in  tho  reuaimng  organ*  after  the  destnu 
of  some  of  them ;  for  how  coold  one  testicle  grow  afte: 
moval  of  the  oilier,  or  bow  could  the  lympbntio  glandi 
large  after  extirpation  of  the  spleen,  if  they  did  not  tm 
a  larger  quantity  of  blood  than  normal  7 

Hut  what  happens  when  ancomia  arises  in  an  organ  w 
performs  its  functions  in  a  completely  isolated  and  iud 
dent  manner,  and  which,  therefore,  cannot  bu  replaces 
another  ?  Tbe  aforesaid  rule  appears  to  leave  ns  oompi 
in  the  lurch  here,  for  in  nntemia  of  the  intrstines  or  In  obs< 
tion  to  the  entire  arterial  blood-snpply  of  an  extremity, 
can  say  where  tho  blood  is  most  needed  ?  Which  or 
should  by  their  excessive  action  coraponiiate  for  the  rod 
action  of  the  intusUne  or  tlie  extremity?  Baseh,  aa  1 
tinned  already,  has  actually  observed  an  increase  in  the  to 
of  the  estremitiosj  and  nt  tho  same  time  a  grvater  fnlne 
the  retinal  vesiels  of  tho  dog  on  irritating  Iho  sploneli 
and  it  is,  conversi*)y,  not  improbable  that  tbe  vessola  ol 
abdomen  become  hypcrtoraic  on  snddon  occlnsion  of 
vascular  channels  of  one  or  more  extremities  ;  at  Iea»t 
tightly  binding  the  lijnd  leg  of  a  dog  with  an  cln- 
Ihe  qnantity  of  blood  in  the  other  h-  *  ---r- 
increase  to  sach  an  extent  as  to  gii  ■ 

*  BcMUltEn.  'Tlnlt.  A.,'  Uii.  |  ■  i .  < 
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ftlontinn  of  blood*prcsBuro  in  its  principal  veia-  But  eren 
did  tbe  blood  cat  off  from  (be  loft  leg  cater  the  Hgbt  one 
tbift  would  o1>iriou»l;  W  no  confirtnatiun  of  our  law,  biucq 
one  ]cii  caonot.  by  any  meaas  do  tbe  work  o£  botb. 

Bat  tbis  locotioD  of  tho  blood,  elsewhere  is  ouljj  if  I  maj 
nj  so,  as  vipedieot  tD  time  of  Deed,  nad  in  any  case  ol  a 
Irmfwrnry  oliaraotor.  If  th«  coastriction  of  the  rossoJsof  tha 
iot««liD««  or  of  tbe  extremity  arises  suddeoly,  tbo  displaced 
blood  cqUth  tbo  dilated  cliamiols  ooly  to  return^  ou  tb^ 
abatctDicnt  of  tho  constrictiou,  ioto  the  old  path^  ;  after  orory 
inUirruptiDii  id  tho  irritation  of  the  Bplaiicbuics  Bascb  ob- 
S«rvo<l  a  doersoeo  lu  tlio  volume  of  tbo  Umb.  But  that 
an  hjperaimia  of  tho  extremities  io  aoa<mia  of  tho  iatcstinol 
T  '  nr  ijf  iho  TORsels  of  tho  abdomen  during  iacrcoso  of 
riikl  rciibitanco  iu  tito  limbs  should  be  a  lasting  con^ 
ditioo,  woold  bo  an  ntt«r  cootradiction  in  the  economy  of  tbo 
Ot^giuiMto,  which  never  supplied  more  blood  to  a  purt  than 
mSeea  for  itn  imrac>diAtc  wautA.  Sorero  inteutinal  antomia 
nf  ft  permanent  character  can  bardly  occur  in  pathology, 
dot*  life  in  Bcarcflly  coropfttiblo  with  the  consecutive  atropUy 
of  the  lateqtiue.  U  ie,  huwever,  ceftaiajy  codtputiblo  with 
riunting  of  tho  oxiromitiw,  indeed  ,wiljti ,  thoir  complete 
obiwace.  Yet  in  perbous  vuo  or  more  of  whoso  limbjs  have 
bMo  ampotatcd  wilht/uL  the  loss  of  more  than  a  triSing 
•ffioant  of  of  blood,  timro  has  never  bceo  observed  any  sign 
■■  '  '■  ■  '  limtiuK  bypei'a^mia  of  the  ubdomtual  viticera  or 
r  organ  ;  iieiUier  does  any  hypertrophy  o£  tho 
ttogh  take  place  after  removal  of  the  leg,  nor  tbe  itamp 
beif»y  in  any  rospeot  tho  pru&onco  of  aa  iucreasod  qaautity 
of  blood. 

But  there  ia  nothing  enigmatical  in  all  Uiis  il  you  boar  in 
saind   that  the  organibiii  dues  nut  kttep  a  larger  stock   of 

iyo*k  on  hand  tlian  in  absolutely  necessary  to  the  nutrition 
of  the  organs  and  to  the  performance  of  their  fuuctions. 
A  ':   aa  an   apparatus  becomes  Hliinted  or  pcrisbeH,  and 

QO  longer  Bay  need  for  tho  blood  formurly  required 
fur  it»  work,  a  oertaiu  quantity  has  become  an  overpLun  in 
tbo  Ivxly,  and  the  stimo  t.hin'^''  h»ii[>eiiK  as  ensues  when  the 
amount  of  blood  preheat  in  nn  uninjured  organism  has  been 
artificially  increased ;  the  irurplug  btood  it  amtumed  and  re- 
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noveil,  and  no  moro  Mood  than  is  reqotrod  Tor  ilia  oontii 
existence  and  fuuction  of  the  remaining  npparutus  ia  hi 
forward  prodnccd.     It  is  possible  in  this  way,  yon  percciroJ 
to  avoid  a  permanent  increase  of  blood-pressnre  and  a  laatlDf 
hyporsemia  in  any  oE  the  organs,  althongh  the  c&paoitf 
the  vascDlar  system  has  boc-n  pormanontly  dimiaished. 

Yon  see  how  fully  ju<itified  I  was  in  expressing  the  opinion] 
that  in  local  ischieroia  the  dislodged  blood  goes  where  it  ii' 
most  needed.  Where  the  resistance  in  some  of  the  arteiiu 
sapplyiog  an  organ  is  increased,  raoro  blood  enters  the  rfr> 
maining  perrions  ones ;  in  anaamia  of  a  paired  organ  H4 
fellow  or  another  of  Ukc  function  obtains  more  blood  ;  and 
«hoa1d  a  function  of  the  organism  become  impaired,  or  cease 
altogether,  owing  to  a  deficiency  in  the  local  blood'snpply, 
the  blood  formerly  appropriated  to  this  end  is  no  longer 
"needed,"  and  is  therefore  completely  remorcd  and  disap* 
pears.  That  the  latter  takes  place  by  means  of  an  increased 
gaseous  and  liquid  excretion  from  the  orgranism  need  hardly 
be  mentioned  expressly.  On  the  other  hand,  our  knowledge 
is  far  from  adequate  to  a  detailed  explanation  as  to  which  of, 
the  expedients  at  the  command  of  the  body  ia  employed 
effect  in  any  given  case  a  decrease  of  resistance  in  precisely' 
those  arteries  whoee  dilatation  ia  desired.  As  far  as  colli 
terals  are  concerned,  the  idea  at  once  snggesta  itself  that  tl 
ia  the  jiaralynt<  of  the  vessels  of  the  ansemic  area  reanltit 
from  the  ausmia  itself  that  brings  aboot  a  more  plantif 
entrance  of  blood  from  the  anastomosing  arteries  ;  in  parti' 
cular,  it  harmonises  very  well  with  this  hypothesis  that  a 
certain  time  mnst  elapse  before  the  collateral  How  114  prupt<rly, 
established,  Moreover,  the  latter  is  an  experience  that 
applies  to  compensation  brought  about  otherwise  than  bj 
means  of  a  collateral  circulation,  so  much  so  that  it  is  therebj 
to  a  certain  extent  rendered  improbable  that  the  dilatation 
the  arteries  concerned  is  effected  by  the  ordiuarj'  raso-mulor  oi 
vaeo'dilator  nerves.  On  occlading  in  the  dog  the  a.  renaUi^ 
of  one  side,  a  correepouding  increase  in  the  blood-suppty 
the  other  kidney  is  far  from  taking  place  at  ouco  :*  ll 
operation  has  at  Gret  not  the  vligble&t  ioilaeuoe  on  its  bl 

*  Accoiding  t«  up«nni»ti  not  jtl  i>ii1>liil>«I,  wMcb  1  «m«J 
•onjunciion  with  Ch.  8.  Bay. 
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conteDls.  Only  slowly  and  gradaally,  and  in  dependeoct! 
duubtletts  on  the  Buccessively  increa^iag  accumulation  in  the 
^blood  of  aaltB,  area,  and  of  the  other  urinary  consiiLueuts^  is 
lore  establt-sfaed  that  augmentation  of  the  blood-oon tents, 
bypeneniia  of  the  second  pervious  kidney,  to  which  the 
stein  experiment  and  the  hypertrophy  of  onu  kidney 
ifter  the  permanent  destruction  of  the  circulation  of  Iho 
Pother  bear  t^estimony.  This  iltnHtratioD  may  sufTice  to  con- 
rincG  you  that  principles  which  shall  hold  good  for  every 
OMo  cannot  be  laid  down  hero,  and  that  an  analyttis  uf  the 
Beparatu  problems  must  be  ondertaken  in  order  that  the 
BMchanism  may  bo  established  by  which  the  fulBIment  of 
Ihe  draideratum,  if  I  may  use  the  expression,  is  att&ined, 
le  localisNtion  of  the  secondary  hypoxemia  being  thas 
itimat«ly  connected  with  ihe  fuuctiou  of  the  part  concerned, 
ifl  obvious  that  many  of  the  byponomias  which  have  been 
red  to  the  claas  votlateral,  e.  y.  the  red  areola  snr- 
ling  an  abscess,  cannot  be  such  in  our  sense  of  the 
'Wd,  »'.  *!'  ifctmdariUj  cvntlitioned  hij  itciiseaUa  ;  they  most  bo 
}retod  in  quit«  another  way,  and  are  nothing  more  or 
tlian  utyfa»)mu/<rry  hypersemias.  And  it  foUowSj  further- 
more,  that  the  exposition  yon  have  just  Ualenod  to  is  not 
jn  to  objt>ction  on  the  ground  that  a  permanent  byperfeuita 
one  kiduoy  following  extirpation  of  the  other  is  inuom- 
patiblo  with  the  general  principle  of  the  circulation  in 
animals,  in  accordance  with  which  no  organ  permanently 
nwoivee  a  hirger  supply  of  blood  than  is  indispensably  neces- 
•M7  to  ibe  maintenance  of  its  function.  I  remind  you,  in 
addition,  of  a  fact  on  which  I  have  repeatedly  laid  stress, 
Bandy,  Ihitt  tho  kidney,  or  testicle,  or  lymphatic  gland 
wfaoBO  supply  of  blood  is  permanently  increasodj  hypcrtrophiet. 
To  the  bypertrophied  organ  the  increased  quantity  of  blood 
not  relatively  larger  than  is  tho  normal  amount  to  tho 
\a  of  ooinnal  size.  In  the  more  volnminons  kidney  with 
much  more  numerous  vcssela,  tho  arterial  stream  is  just 
tont  to  fill  a  number  of  them  strongly,  while  others 
in&t  rmnoin  for  tho  time  being  rolatirely  empty  ;  henoo 
1  law  of  (ho  varying  fulness  of  the  orterioa 
.  a^re  also.* 
*  '  iUoo  uf  tbt  pbyni^ogy  uf  aU.Uiv  locti  cireoUtoiy  daltub- 
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2.  AcTivR  Hypbiuuiia. 

CaiuM   t^  dacreaM    t'n  the   arierinl  rcjiistanett. — Thrir   brief] 
duration.] — Cafisequence8  hi  the  ciTtulalitm  aa  a  whole, — 
Coti'Sf'^uenfCJi  to  Ihr.  blood'stream  in  Ike  pjiifffxlnJ  fiivra. — 
SumjttfrmB  of  Jlturion. — hijtuettce  'm  tka  lympk-strfan. — 
Cbwwqucnct*  to  tha  heart  nnd  vettch. 

Imposaihilitt/  of  local  fongefitious  of  the  Uimjs. — llyjK'r- 
sMuia  due  tofaliing  off  in  nimrisphiric  jrrftMUTe. 

As  compared  witb  the  sabject  uf  increased  'reaiat&im^ 
which  has  occopied  onr  attention  so  long,  the  problem  pre^ 
beiited  hy  the  a1tenitiob»  in  the  local  tlow  aitd  diivtribotioD 
of  the  blood  which  depend  on  diminished  artfriai  r<'m«tanix  U 
indch  less  cuDipIicatod.  For  outside  influeRcen  cannot  ititMrrt 
Ihemft^lves  here,  and  wo  have  in  all  cases  to  deal  only  nad 
Bolely  with  a  falling  of  m  the  •phyieioltigital  -rcnatnnf^  niOK 
ht  less  great,  essentially  therefore  with  a  redoction  in  tbo 
ionio  contraotion  of  tlitt  circular  mnscular  «oat.  Nor  nMd-I 
point  oDt  that  an  actual  decrease  of  rtsitrtance  is  preevattfl 
only  when  the  dilatatifjn  of  the  artery  in  qiit'«tiou  L<xt4.<adiu 
tar  as'itstvnniuation  iu  the  arterial  capiHuries ;  local  cirenm- 
scrib^d  dilutnlions  of  an  artor^',  whether  produced  by  abttt»> 
meUt  of  tune  at  the  spuL  affected,  ur,  like  aneurytfuiH,  by  actoal 
cTiftnge^  of  toxtnrc,  ttm  nerer  hare  the  effect  of  riiminiKhiiig 
'tlie  rbeiiitance,  since  immediately  in  front  uf  ibt-rn  the  lumen 
'hi  the  nrtor}'  is  again  narrow.  The  solo  cvDBe(picnca  of  an 
aneurysmal  dilatation  in  a  branch  art«ry  will  be  merely  « 
gt^itiT  Or  less  retardation  of  the  blood-stream  withm  tk) 
oOQipass  of  the  dilatation,  for  the  bed  of  the  HtrMtn  it 
'brdaJlened  without  any  ohango  in  the  arcelerating  forooi.  ■• 

One  principal  category  of  the  true  hypcrasmiaA  depend- 
ing on  diminished  artorial  rosiiitanco  is  already  huowu  ki 

.MHHfe  VoUnaimn's'JUnxHljbAifiik.*  t^-9Bv*iMl(iii>*Ari«itiin*  sf  Ua/^m^t 
UUtnitory,     Cf.  Lcciiltt  the  ;  -  uf  l>tu]<ri|;.  Dti>iKUn>,  Bmckh  Acu 

Virebuw,  '  Huiilimch  Avr  epwi .    ,  .,  i  .-uylwyii','  1S54,  BJ.  i,  p.  ua  t  t^.  O. 

'>lf«l^rln  rith»-lUIln.tl/«  'Htuidlmcli  d^r  Chirur«i«/ M  1,  p.  fo.  VIV 
und  WagTHT,  'lliiiitliarh  lUr  allj^iMineD    Pt^DlogBrti'  7  AuOlff*,    (tyfi, 
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joa,  namely,  liie  rjiUaleral  hypermmia  aapor^onitig  on  local 

iBmia.      We  have  iniDut4?ly  conaidorad  what  areas  become 

hypenctmio  when  the  tluod  is  tlefioicDti  elsewhere;  we  hare 

ft]ao.  spoken  of  the  means  by  which  the  compcasatory  dilato- 

^■liou  of   the  arterial  channels  ia  effected ;  and  you  will  loolc 

^Blpob  it  us  scU-evident.  that  the  intonaity  and  extent  of  the 

^Kollatcral  hyporsBinia  ehould  bo  all  the  more  ooQfiiderable, 

'      the  more  nevcre  the  primary  aominia  and  the  larger    the 

diftriot  over  which  it,  prevoita.      You  will  oonseqneutly  feel 

ft  Wftrmer  inurc«t  in  the  second  category  of  these  li^-perssiuias, 

itam*ly>  the  iudependeut,  or^  if  I  may  use  ttio  term,  idiopatfUc 

^Vvrtety,  in  which  the  abnormal  cause  acU  by  directly  dirotn- 

^Hkbiug  t])e  resistance  in  an  arterial  channel.     For  the  causes 

^■ttduuCive  of  a  pathological  dimiautiou  of  resistance  must 

^VBfttbnonoal,  altlioagh  they  oaonot,  it  is  true,  produoe  thia 

^      fflpot  ttxcept  by  making  urns  of  the  means  normally  emplo^'ed 

^■ny  the  organism  to  increase  the  blood-conteat«  of  a  part,  i.  0. 

^^>y  direct  relaxation  of  the  veiuteL  wall ;  this  relaxation  being 

kroaght  about  either  by  acting  on  the  musculature  itaelf  or 

ibn  it*  nervous  arrangement*,  or  by  depressing  the  exoitation 
bl  the  raao-motora  or  exalting  the  excitation  of  the  dilators. 
L   A  degree  of  heat  only  a  little  above  the  normal  tenipora- 
pire  of   the  body  directly  rolaxea,  as  every  one  knows,  tho 
moBOulatnro  of    tho  arteries.     On  placing  tho  hand  in  hot 
w»tcr  it  becomes  red,  and  the  oar  of  a  rabbit,  after  being 
iamorsed  in  a  water-bath  at  45° — 48^  very  Houn  displays  a 
^^^Uy  enormopa  dilatation  and  injection  of    all  its   vessels. 
[^fn  thia  particular   case  it  is  cofiy  to  dcmoniitrAte  that  tho 
'*   result  is  due  aolely  to  direct,  relaxation  of  the  muscular  caat<; 
l^oa  need  only  ligature  firmly  the  coot  of  tho  car  and  then 
>»e  it  for  some  minutes  to  the  action  of  tho  warm  water; 
immediately  on  remoWng  the  ear  from  tho  water,  yon 
m  tho  ligatare,  the  same  enonuons  dilatation  of  all  thn 
ri*ibtu  veiiaeU  makes  its  api>earuiice  just  as  before,  reaching 
higher  pilch  thau  it  would  ever  in  itself  ntiain  after  anob 
)ri«f  constriction.     Another  variety  of  dilatation,  nlsodepen- 
sul-oo  direct  muscular  paralysis,  will  be  reaflily  understood 
(ho  bght  of  tho  foregoing  i  it  occurs  in  arteries  on  tho 
m  remorsl  of  great  external  pressure  to  wliiolt  they 
I  lung  been  cxjiobod  and  thereby  compressed ;  thus  tbo  ex- 
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tirpatioD  of  a  huge  tumour  from  the  abclominal  cavity  or  th< 
rapid  removal  of  a  largo  ascites  vany  bo  followed  hy  ad  mti 
liypcraimia  of  the  iatostinal  Tossela,  and  the  punctaro  of 
large  hydrocele  by  a  hyppr&omia  of  the  vesseb  of  the  tnoic 
vaginalis.  ThoD,  toa*  the  dilatation  appeariag  in  thoarteniwj 
of  a  part  on  mechaaical  irritation,  for  inetanco  after  rubbing 
vigoronsly  a  fow  times,  mast  corlainly  be  referred  to  direct 
relaxation,  to  alony  of  the  circalar  moaoolar  coat,  whicli 
appears  to  be  extremely  sensitive  to  all  sorts  of  c^xtcnul 
influences.  Since  wo  have  Icanied  from  Mosso  that  ceitaia 
poisons,  such  as  atropine  and  hydrate  of  chloral,  dirootly 
paralyse  Ihe  musculature  of  the  arteries,*  we  may  be  allowed 
the  conjoctnro  that  the  doxbb  which  canso  the  so-caDed 
acute  exanthemata  exorcise  amongst  other  effects  a  direel 
paralysing  action  on  the  arfcorics  of  the  skin.  Nevorthdaw 
these  cutaneooR  hyp«reemins  border  so  closely  on  the  provinoe 
of  inflammation  thai  it  app(^nr<;  advinablo  to  postpnno  their 
discQssion  till  we  come  to  deal  with  the  latter  subject. 

The  second  factor  dilating  the  vessels,  parnly/tis  n/  th» 
vtuo'inottrrf,  plays  a  part  in  many  other  pathological  hyppf 
cetnias.  Wouuda  of  nerves  in  whicli  vaso-motor  6bres 
or  tumoora  that  press  forcibly  on  such  nerves,  mnat,  it  i| 
evident,  produce  a  hypematnia  by  cauiting  a  fallin^-off  U 
arterial  tone.  I  formerly  mentioned  tlmt  solutions  of 
tinnity  and  foci  of  disease  in  the  spinal  cord  destroy  ariertf 
tone  in  those  parts  of  the  body  whose  vaeo-motor  uor 
leave  the  cord  beneath  the  point  a(  which  ita  couduetiviiy  k 
interrupted.  I  believe  I  also  laid  stresa  on  the  fact  tl 
only  those  interruptions  that  are  situated  below  the  origti' 
of  the  fplauchaics  are  actually  followed  by  tvcnl  fayfionttmsaa, 
white  those  situated  farther  np  are  always  associated  with 
lowericg  of  the  total  resistance.  Moreover,  should  the  in- 
terruption of  conduction  concern  only  one  bulf  of  the  ear 
the  hyperemia  will  obviously  bo  confined  to  one 
Whether,  however,  a  series  of  independent  In  ■ 

ring  paroxytjtnally  as  pron<runced  n^turonejtf  u..  .  , 

panied,  partly  anaccomponied  by  morbid  trritatjou  of  ttem 
nerves,  ao-cnllpd  ruMtraiyiaw; — tci  deridp,  I  ^i-  ''«<< 

are  to  be  attributed  todiroctorlort'f1"T  U,]/,) 
•  Mono,  'AtM.  i.  bptg.  tb 
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>fcor,  or  to  »timDlfttioQ  of  the  dilator  Derv^n,  is  impossible 
Til   the  present  imperfect  state  of  oar  knowledge ;  we  can 
tnorsljr  say  of  them  that  the;  are  hypencmias  depeadiag  on 
decrettse  oE  arterial  resistance  of  aerrons  origin. 

Oo  niTe^-iDg  more  oarcfally  the  varioas  conditions,  in 
rhirh  n  morbid  arterial  hypencmia  can  arise,  an  essentinl 
forance  as  compared  with  the  aofemiaB  cannot  poeaibly 
ipe  jron,  namely,  that  practically  no  pathological  process 
Its  by  which  tho  arterial  reaistanco  is  permanenilif  do- 
pd.  The  collateral  hyperaimias  form  an  exception  ;  yet 
wcro  able  to  ehow  in  their  case,  too,  thnt  where  congOB- 
ia  lahling  h.^'pertropby  of  tho  oT;gaD  concerned  is  dore- 
]d,  whorenpon  the  previous  hypenemia  censes  to  be  puch. 
lai  di«vgarding  oollatora!  hypencmia,  which  is  only  a 
;ondary  condition,  it  is  apparent,  on  the  one  hand,  that 
inflnences  that  decrease  arterial  tone  arc  most  of  tbcut 
of  a  moro  or  loss  trunnitory  character,  and,  on  the  other 
id,  plun«e  rcmomber  that  even  the  division  of  the  sympa- 
tic does  not  canse  permanent  hyperrcmia  of  tho  ear,  bat 
that  afl-er  a  time  the  arteries  reassnme  their  normal  diameter. 
dilatation,  al«o,  which  ensues  on  the  removal  of  severe 
ipretsion,  does  not  last  long,  for  the  re-establishment  of 
plentiful  stream  of  blood  into  and  through  the  vessels  is 
lie  surest  means  of  restoring  the  paralysed  arterial  muscula- 
iro,  exhausted  as  it  is  by  long  anaemia,  so  that  here,  too, 
veaaoU  gradoally  regain  their  uoruial  calibre.  The  same 
tauglit  by  the  observation  of  other  varieties  of  direct 
lyaia  of  the  vascular  wall,  e.rj.  that  following  the  action 
of  poisons,  provided  only  the  dose  of  the  poison  be  not  over- 
largv,  and  the  simple  relaxation  do  not  gradually  pass  int» 
diatolntion,  death. 

But  whether  the  decrease  of  resistance  bo  of  long  or  short 
dar»t'ion,  tho  circulation  of  the  part  concemod  will  always, 
while  the  condition  lasts,  presienl  deiinite  deviations  from  the 
burroal.  For  u  lar^pr  aia&unt  of  blood  mtuit  nereasarily  enltr 
ifarf  tc'  — 
ley  arc 

low  already;  it  M  mthdraum  fntm  other  arleriai  ehanneln. 

in  the  collateral  hypertmnias, 
-iwal  "  is  the  primary  deter- 


nrtirtrJt  nf  mtpply   are  dilatetl   than    when 
:  <.-d.      Whence  does  tho  blood  come  ?     Vou 


138 


uocM.  TtrsTURBAKCEs  OP  TOB  crnnniATiOK. 


wUiitig  evcDl,  but  aUo  in  llio  fotnaitung  Tscicbiisei  wliich)  ia 
oonlrnnt  to  the  fornmr,  wo  Iiiiva  fluviiriiriUt]  "iaJeptfiidoDt.'l 
Li  v/6  inquire^  bawevop,  frum  wlucii  ani.-rie(i  t)to  bkH>d  ta  unl 
onch  ticoHHiou  wiUidmwn,  Ihu  uuawer  nUI  ja«  tncASuru  apply 
heru  too ;  it  harrv  tlir  /mri  whrr^  it  1H  Inuil  nntdiiri^     This  is 
certaioljr  ibe  case  wlicii  n  poiiiuii  vi  a  Jurgu  organ,  nach  JHU* 
cE  wiiich  16  devoted  to-tlte  saino  function/  booDmes  hj^pev*j 
teitiu:;  wlii-ii  a  loop  oi  itiUtitinu  is  more  strongly  fjlU'tl  Lbtui' 
bcforti^  the  iit-igliboiiriiif^  hjuye  tinduribiedl;  beoumo  omptdorA^ 
aad,  ou  pmduciug  iiit«iiae  re^ldeiiiaf^Aiut  nwoUiiig'of  fuirt 
tlie  itplocD  by  dtvtdtii^' a  nuinixjrot  in  ueev-m,  lli>-  '  -  <W 

o{  Lbo  orgVD  to  wbicb  tlio  uiiitijiireii  iierveo  itn>  '  i  <        itadj 
becomes  proportioiialely.  palo   bUiwh   and  shruaken.     Tbdl 
right    kidnoy  certainly   bccomos    paler  wben   an   oxcestivd 
BDiouni  of  blood  enters  the  loft.     Wboro,  hovrovcr,  Uto  sotUBS, 
oE  compeasatioD  is  nob  as  in  tiic»e>€aaca  to  -a  certain  exioaM 
prescribed,  t:  g.  in  oTcrOIUuf;  of  n  wbolo<  oxtreautjr'Or  of'  tb«' 
entire  abdominal  cavity  wjLli  bluod,  romobaly)  oitaaicd  nodj 
ftxtraueous  vascnlar  aroaa  mast.  Qontribate  from  ihoirsappty.j 
In  iHticli  cases  it  is  especially  the  ressel'i  of  iho  aiiuoloii  aad 
tutestiues  that  coaetitate  the  reservoir  from  which  the  blood 
is  oMinarily  withdrawn,  yet  the  syncope  fre^juetitly  observod 
to  ansae  on  the  application  nf  t)i(>  ciippinf^-boot  indicaliM  ibak 
tho^TeBsels  of  the  brain  are  somclimea  called  uppit  Ut  oorar. 
tho  dilata^on  of  the  arteries  of  an  ei;tremity^     Suic«»  ttiMtl 
coaaiderablo  functional   dt:i>Curbanco  may  be  ocosiooad  bjT' 
this  proceeding,  even  when  only  ouoe  resoriod  Co  and  ihaaj 
fov  l>at  a  short  time,  derangements  of  fuuotioa  would  b»l 
nnavoidable,  and  indeed  of  great  moment  woro  the  conpao-l 
(tsLory  auffimia  to  continue  for  a  period  or  evou  to  beeontf 
persistent.     lb  is  for  this  reason  important  that,  as  joal 
fttattnl,  idiopsLbic  arterial  byperiemis    is   always   of   a   trao* 
fiitory    nature,  for  the  seoondary    nuaimia   is  con&iM|aentlj 
always  brief,  since  it  naturally  gives  place   to  iho  no>niwI 
vtutciilar  fnlnoas  as  tho  hypertDmia  disappcara. 

But  the  colUtoral  unmmias  in  all  tliexe  proeesoue  an» 
great  importanco  in  auathor  ro&poot,  iuaamnnh  aa  i^  i^t   b^ 
thc-ir  u^tMicy  that  tliu  nrteriuJ  prMsaro  is  maintaineil  ai  it 
uoruiul  elevation.      Kvcry  deorooflo  of  reaistunee  in  the  ut 
obajioels  vrouldj  iu  tbe  abeenco  of  a  oon tempo rauooo*  rise 
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rvnataatB  iiliimilniiii.  loircr  tb»  bUod-pressare,  uid  Um .  ia 
praportkin  to  ilw  exl«ai  of  the  regiov  io  which  the  rosietwne 
hw)  bem  lowmd  or  prrlB)»  aWogalgd.  If  Uk<  rasoKkir 
ftrm  M  n«7  larg«.  i^f  e.  y.  the  wbal*o(  the  abilaminal  vueada 
are  dilUed  BftcnlivKtcAof  the  eplaoahoicS|tho  bloo<)*f)resBiins 
»4  we  were  abloito  dMenaia^  falls  to  Buch  an  exu-nt  that 
mn  adoqnate  oompennlKMi  bjr.  oonstricltiMi  of  (ho  vtTssela 
rbewbere  is  raipovihfe.  I'ho  Dccesary  ooBWi|oeooo  of  aeo- 
tioD  of  tiifl  apfaiitchaios  is  tfacrefnro  a.  jrenenl  retardatiou  of 
ib«  eiraalatso*,  not  only  throagh  tho  ttmainder  of  the  body, 
bat  «lao  in  iho  ama  ol  ihu  c^pUnrlinicf  thamselves,  in  which 
now  *B  ahnDnoaUy  abaiuiuib  supply-of  blood  6ow9  eJugj^iahly 
fonrmrd  ;  and  dcApile  tlie  hyp«numin  less  blood  rauches  the 
r.  eata.  tMferior  lUkd  h<>art  from  the  abdominal  roaseU  than 
fauwiity  when  tho  bed  oE'tho  sireatn  wns  narrower. 

The  caae  is  reversod,  when  the  area  in  which  the  arterial 
rMUstoaoe  ia  rclftxpd  ia.notao  oxionsivo  aa  to  render  impao&ihio 
the  maiutmance  of  letfailifarium  bj  a  simultaneoua  ritie  of 
resislaneo  in  cthcf  places.  Kor  the  arterial  preastire,  and 
oouMoqacnily  tho  difietwooe  of  pr«esare  id  nrtcrtea  and  reins, 
now  oontinaQS  uuchaDged;  tbc  equaliaaliouof  pivMun\how-- 
wrDTi  natnniily  t«k£0  pliico  tunst  rajiidly  whtfrc  the  rusietjuico 
u  least,  t.  c.  in  the  nrea  whotv  arltries  am  dilated,  lieuce  it 
foUows  that  nut  merely,  does  »  lurger  qnaatity  ol  blood  flow 
iimm^  tliv*  hyporwnuc  valvular  area,  but  the  rait^  al  wJivK 
H  Jbna  u  iaunnmd^  In  thi&  way  a  Tery  |rawerfal  and  rapid 
blood-atreami  w  JU  •  cirenlato  throuf^h  tho  part  in  iiuaatiott  aa 
loog  as  the  dilatotMin.  of  the  arteries  hutU.  If  you  watch 
the  e«r  of  n  mbbib  after  division  of  tliu  cervical  sympo- 
tfaolto  o£  tbo  saiuD  sid(!,  you  will  pci-coivc  a  multiludo  of 
SBoU  Teasels  which  wcro  formerly  invisibl(>,  and  wliiuh-  are 
qatto  impcrtt-ptible  iu  the  othor  oar;  again,  if  you  place 
yoar  fiogor  brtwron  tlir  toos  of  a  do^  nftor  harin^  dividod 
the  antatio  in  tho  con-cspoudiuff  k-^,  you  feelasLroD}^  piilsabiJo 
tiPAt  in  arti?ricR  that  worn  previously  hardly  di8(.'<.>vi!rable  by 
the  exatninin^  Ungon.  Tho  blood-stn>aui  now  hurricR  throii|fli 
the  cipillaricJt  marh  nitiro  rapidly  than  bofore,  and  a  coii- 
aidcrTKbty  larger  qnuntityi  of  blood  eiiti^rs  tho  vciua  in  iJie 
quit  .-/  -  --  On  comparing  the  amount  of  blond  flowini 
froir>  iod  prionijtiil.VLHa  o£  tho  cahbit'iioarj  befurai 
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after  divisioD  of  the  sjmpatliotic,  a  Toally  aatooubing  differ- 
eoco  is  Homctiises  revealed ;  formerly  every  five  mioatei  m 
drop,  and  now  that  the  arteries  are  dilated  four  or  five  every 
Booond.  The  gmnt  importance  of  tbe  arterial  resbtance 
to  the  entire  circulation  tliroagh  the  capillaries  and  veins 
cannot  be  more  intelligibly  demonstrHted  than  in  tfac«e  woe 
hypercemias.  On  connecting  the  vma  fpmoralU  of  ■  dOg 
with  a  soda-manometer  by  means  of  a  h~  shaped  cannula  uid 
then  dividing  tbe  scintic,  yoo  will  at  once  see  the  vcmoi 
pressure  riso  to  double  or  three  timea  its  former  height 
even  etill  higher.  Kven  the  rhythmical  acceleration,  tl 
YuUa-vDavv.  may  under  these  circumstances  be  propagated'^ 
tfaroagh  the  capillaries  into  the  veins,  as  waa  long  ago  sbowo 
by  Bernard  to  be  the  case  vritb  tho  veins  of  tbe  salivaiy 
glands  on  irritation  of  thoir  vaso-motor  nervee.  That  bl< 
flowing  with  such  rapidity  has  no  time  to  become  dii 
artorialisod  but  must  retain  its  perfectly  bright  red  colt 
on  its  arrival  in  tho  veins,  will  be  clear  to  yon  without  fartfc 
explanation.  But  the  venous  stream,  thus  accelerated 
strengthened,  will  preserve  these  characters  as  f&r  oh  tl 
oonBuenco  of  others  which,  receiving  their  blood  from  nt 
hyperroniio  parts,  are  poorly  Blled  in  compsrison ;  in  whi 
connection  1  need  hardly  oxplicitly  state  that  tho  com| 
tion  in  the  vcnons  stream  will  be  most  favombW  wbeu 
hypenemic  vein  unites  with  the  collateral  anmmio  on«. 

The  signs  of  arterial  or,  as  it  is  also  called,  nUmif,  nHit 
byporsemia,  hypertemia  of  rfhutatum,  and  for  which  moreort 
tbe  expressions  nmyr^fwu,  fiturtoti,  dctrrminatum  are  also 
use,  are  of  course  the  very  reverse  of  those  of  ischwiiiiii. 
congested  puxt  is  br)(.'htly  roUifmeti ;  it  is  at  the  same  Iiin4 
at  lesst  if  it  be  superticmlly  situated,  warmer  than  uc 
since  tbe  amount  o(   heat  conveyed  to  it  by  tho   iuci 
supply  of  arterial  blued  exceeds  itM  lusses  by  radiation  j 
its  turgitr  if  t/rrater  than  normal  simply  becauso  its  vomtI 
arc  all  of   tbem   more  strongly   filled.     As   to  whtlber 
incrensed  formation  of  lymph  participates  in  tbe  pr  '■— • 
of  this  turgor,  a  definite  opinion  cannot,  so  far  o^i  ! 
oflfored   at    pn^ent.      After    this  bad   formerly  on  a 
grounds  pa^ijed   as   an  indisputable  truth,  it  wr-  ■'■- 
I*ucfantiu  and  Kmminghaus  in  Lndwig'e  bibornt 
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cioQ  of  the  sciAtic  in  the  dog  has  no  iiifluoTice  on  the  amount 
or  on  the  ofacmical  composition  of  the  lymph  flowing  (rotu  a 
caoDala  iatri^aced  into  a  lymphatic  q£  the  leg.*  Yet, 
allbuugh  thia  Fact  is  easy  of  cod  6  rm  at  ion,  and  though  it  may 
moreover  be  determiaed  with  certainly  that  no  alteratiou  is 
experienced  by  the  lyniph*Htream  io  the  cerncal  trunk  as  the 
Tualt  of  dtTiiiioD  of  the  cervical  sympathetic^  a  certain  reserve 
ibould  be  msintained  before  we  proclaim  that  the  formation 
of  lymph  is  entirely  iadepeadent  of  the  state  of  fnliiDSs  of  the 
arteries.  There  is  one  place  at  least  in  whioh  ihe  injlucnee  of 
iA«  iHUv-dilators  vm  the  jfrvdneiion  of  hjmph  may  be  mo»t 
atriJnngiy  demoiut rated.  It  in  a  dog  the  peripheral  ond  of 
tb»  divided  lingual  nerve  be  stimulated  for  some  time  by 
iaduciiun •currents  of  gradually  increasing  strength,  a  morlied 
wrfsin  Bopervenes  on  the  enormous  hyporieuia  vrhioh  rapidly 
■eb)  in  tu  thu  afftcted  half  of  the  tongno ;  this  oedema  is 
lisable  to  the  nalced  eye  about  ten  minutes  after  tho 
HDmencement  of  the  stimulation,  and  continues  to  increase 
daring  the  next  ten  minutes  till  ib  attains  very  cousiderablo 
proportioDS.  l^is  very  remarkable  experiment,  my  acquaint- 
ance with  which  I  owe  to  the  kindness  of  Mr.  Ostroumoff,  is 
woU  calculated  to  excite  doubt  aa  to  whether  all  oongoations, 
oo  matter  what  their  origin,  nro  equivalent  so  far  aa  tho  pro- 
duction of  lymph  is  concerned  ;  all  the  more  so  becanse  some 
iaolated  Facts  in  human  pathology,  such  as  the  rapid  forma- 
tiOD  of  wheals  in  urticaria  under  tho  action  of  influonccs  uu- 
doubtedly  uervoiitj,  clearly  point  to  an  intimate  relationship 
between  lymph  production  and  vascular  innervation. 

MHieu  dualiug  with  the  subject  of  collateral  hjpersemia,  I 
laid  stress  on  the  fact  that  a  Crequeully  recurring  or  a  per- 
manent arterial  tluziou  produces  hypertrvphy  of  the  part  con- 
cerned ;  the  full  consideration  of  the  influence  of  congestion 
oDtbe  metaboUhm  and  functiou  of  the  individual  organs  will 
bo  merred  for  a  future  occasion.  Here  we  need  only  discuss 
its  consequences  tu  the  heart  and  vessels.  Yet  our  kuow- 
ItdgD  of  the  conditioas  uudur  which  morbid  cuugestiuuof  the 
coronary  arteries  makes  its  appearance  is  too  scanty  to  permit 
of  a  precise  deftuition  of  its  action  on  the  function  of  the 
bean.  True,  it  tu  probable  that  here  too  the  frequent  recur- 
*  PwehiitLi<,*  A>bl.d.  Lp«c;.phjB.In>t.,' 1873;  Kmrnioglutw,  ibid.,  1874. 
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i^onco  of  eoflgestion  of  tbo  ooronanVs  cauM>f  t^9  lioiur^ 
hypertrophy;  at  least  wo   hftvo  erery  tmxob  to  look' 
phyeiulogica)  hjperaGuii^  ss  ihtt  ultimate  cause  of  an  inot 
ot  voluDio  o£  the  beait  m  uH  cases  where  this  is  the  rmult 
iDcroRscd  deiniinds  on  its  work. 

It  is  coromonty  held,  eren  by  physicians,  that  the  t^ssoU^ 
may  readily  nipVure  id  ooii!}W}ueace  of  strong  ooDgc^ttoo,  ooi 
a  more  or  less  copioas  hsemorrhage  be  thos  ioduuod.      Yet 
would  be  a  poor  testimony  to  the  oxoellenco  of  our  ot 
tios  were  the  ressets  not  even  able  to  sustaia  saeh  a  modf 
rise  of   internal   pressure.     This  upprehenMon  ta  vaowovt 
groondless ;  by  suspending  respiration  in  the  dog  yon  ma] 
raise  tho  blood- pressure  to  an  enormous  extent,  while  at  th4 
same  time,  as  Heidenhain  has  shown,  the  cntaneooa  mseU 
of  the  extremities  are  iLilnted  ;*  nevertheless  not  the  Icwtfr^ 
trace  of  haiiDorrhage  will  be  observed  anywhere,  nok  evoa  a 
single  capillary  bnrsts.      At  most  it  may  occonionally  happen 
in  Buoh  eartreme  rise  of  blood- pressaro  that  i»ol»U;d  niptnrw 
are  met  with,  occnrrinp  in  those  part^  of  tho  body  when  the 
CBpillarioa   are  practically  nnsupportcd  by  the  surmundioi 
tisHuea,  as  in  the  retitin,  tho  brain,  and  also  tho  ctinjunctirt 
It  ifl  of  conrso  obviona  that  the  ress^ls  nnst  bo  healthy, 
their  power  of  rosiatanco  is  to  stand  so  gororo  a  te«t.     Vhtet 
the  capillaries  arc  vor7  delicate  and  susccpUblo  of  injury,  m 
ia  always  tho   case  whora  th«y  are  nowly  forui«d,  erery 
moderately  strong  congestion  is  dangorons  to  tho  er^r  ;■ 
of  their  walls;  even  arteries  niay  rupture  as  tho  i>    < 
flnxion  when  their  coats  hare  become  brittle  through  athoro' 
matous  disease  or  a  similar  affection. 

On  the  contrary,  honlthy  vessels  are  wont  to  become  thU 
and  4Hor«  voluntinow  nnder  the  intluenoe  of  frequent  or  per- 
manent congestion.     The  oollatoral  hypenumias  afford  tki 
best  ittustration  of  this  fact  ;  For  here  it  is  not  at  all  anast 
for    small   tossoIs    to  develop  gradually  into  really  ilur 
woUcd  and  strong  arteries.     Tho  intrinsic  canto  of  this 
undoubtedly  to  bo  sought  in  a  lasting  hypcrmmiaof  tho 
nMorum,  so  that  Iho  phenomenon  ia  the  full  equivalent  o(  tl 
hypertrophy  of  all  thL>  other  organs  which  rcsalie  frotti 
tftiotid  incrcoso  in  fulness  of  ihe  nutrient  vomwU.      V> 
*  Ostivainaa. '  VQ&s.  Aitb.,*  xii,  p.  JI9. 
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on  iho  othfir  liiind,  thickoaing  aad  scbrotio  procossos  in  the 

itim»  of  arteries  m&^r  also   Lo  referred  to  art«rta)   hvpcr- 

naia  is,  in  my  opinion,  a  qacstion  not  yot  ripe  for  dooision  ; 

in  any  c«ae  tlto  rcspousibility  should  tJion  bo  tlirown  on  tho 

id  latornl  prcssuro  in  Front  of  a  dccrcaaoof  rosistnnco 

Ifaftr  Ibau  on  tho    more  vigoroaa  flow  through  the   rava 

•m. 
Borore  dismissing  the  subject  of  active  hjpericinin,  permit 
10  Ut  ikllndo  to  n  not  unimportaDt  circamstance,  an  it  ocoms 
to  tae,  directly  inroWed  in  yrhai  has  alroadj  been  stated. 
If,  lu  1T0  bftvo  BooUj  local  hyporromift  can  nov^or  ansCj  oicopt 
through  diminulion  of  the  rt-aistancc  in  tho  nrteri^s  concomcd] 
i^t  logically  follows,  ainco  tho  branches  of  the  a.  pulnwualut 
vn  00  tonns  worth  mentioning,  that  a  local  artirial  Jliuton 
^tnnnol  erinl  in  ilu-  luni/f.  Witli  rc^prd  to  collateral  hjper- 
vmi»j  -we  wore  formerly  able  to  tthow  that  it  affects  impar- 
tially the  vrbolo  of  the  t^tilt  pervii>U]}  art-ertul  chauueU.  But 
*it  ia  obvious  too  that  the  hyptnemiiis  tvliich  are  called  forth 
by  tho  inhalation  of  hot  st«am  or  of  gaitca  that  dilato  tho 
LTvmcls  will  'Mi,  not  on  single  bmuchen,  but  on  all  the 
icalar  ramifioittiun  in  the  long  together.  You  uve,  tho 
contrast  to  iho  syetemic  circulation  is  snSiciuntly  striking. 

Some  of  you  may  perhaps  be  surprised  that  I   have  not 

laciadvd  /ultifig-o^  iit  atmofpherir  presfmrv  among  the  factors 

caaeing  diminution  of  arterial  resistance ;  this,  however,  is  a 

^Mcaliar  case.      It  is  certainly  quito  trne  that  the  arteries 

dilato  onder  tho  action  of  the  cupping-glass  or  of  the  cup- 

ptDg-boot  of  Jnuod  ;  not  only  so,  bnt  the  dictation  is  never 

.      '     .T  to  tho  arteries  alone,  the  veins,  and  oven  the  cupil- 

I  L-ing  involvod  to  an  extreme  degree.      Nuvcrthuluss, 

the  domngcment  of  circulation  so  evoked  differs  loto  caio 

Trom   tho  congestive  hyperujmin.     For   Ibe  partial  vacuum 

taoat  DcccKH&rily  exert  its  ixhauntirc  ticlioit-  iu  nU  directiunt)^ 

■o  that  blood  will  cntor  tho  region  in  qnestion  not  merely 

from  tho  art-erlrs,  Itul  also  from  tho  neighbouring  cojtilluri^ 

ond  t-i'im ;  and  whJlo  in  a  congested  part  a  large  qoaiiLity  of 

blood  flows  with  incrcasod  velocity  through  the  vessele,  at 

t  of  cupping  a  eomptcto  atond-aiilt,  a  a/u«i'«  is  ntpidly 

.led,      'I'ho  liyprniniui  induced  by  cupping  and    local 

coogvfltion  havo  accordingly  but  a  single  point  in  common ; 


tUey  both  withdraw  blood  from  the  rest  of  the  vnscalor 
system,  aud  in  this  aspeot  the  former  has  been  already  con< 
sidorcd.* 


3.  P&SBive  Htpebahu. 

Abnormai  renttanceii  to  the  capillary  ulream.'—Oravity  a 
sistance   to   the    venoua   Klream. — Bypottans*. — Afmormi 
rofiiilancet   to  Iha  cirtutation   thrvuyh  the  veiivr. —  Conte 
q-umtcet   io  ihv  circuUititm  in  gimeral.-~-Comj'rTwalion 
TeKiftatiee. — Obstaeles  to  eompertsation. 

J)ejfcriptioi%  of  th«  normal  circtilatinn  tu  olfffrwd  tun 
thu  vticrt»triij}e. — ^teroseopie   appmvanetia   in   amyniui 
anmmia,  mgfrr^emml. — (Edtyma  uf  t-nyurijevivnt. — Exj>\aia 
turn. — Dhipedesis. —  St^M  of  pasy'wv  htfj>era:mia. — Cantt 
queneee  to  the  rtH  of  the  vascular  ay/atem. — C''"w»/i 
to  ihv  afferitd  r.e»avh. 

Application  to  cardiac  kinons. 

Following  (he  course  of  the  blood-stream  as  it  posoes 
from  the  »rt«ricA,  tho  question  :   Can  the  resistanoe  \u  tl 
rapitlariea  undtTf^  changes  capable  of  inflnendng  tlio  oti 
Intion  ?  first  of  all  claims  ourattention.      Now,  pIcuwB  bpar  ii 
mind  that  the  Inmen  of  tho  capillaries  is  normnlly  liable 
only  slight  variations.     There  are  no  miiscnlsr  elemeDtii  i^ 
the  capillary  wall,  and  though   I  willingly   acknowlfdgit  iK 
interesting  observations   on  the  contractility   of  the   capil 
lanes,  as  carried  ont  6r»t  by  Strieker  and  by  Golubew^t! 
quite  recently,  in  an   especially  coinprehensiTo  manner 
Severini^  as  well  as  by  Roy  and  Drown, ^  yet  these  uulhi 

*  On  t)i«  •ubj«'l  uf  ■ftivfl  hyp^TiKuia  coMult  Virvbow'*  '  Hi 
\i.  r^i.    C.  O.  Weber  in  th«  '  Uaiidbncb.*  p.  191  Ulilo  atui  Wkgnvr, 

t  Strieker, '  Wien.  Kkad.SilsnogKk.'  Bd.  It,  p.  iAi  lii,  p    "- 
'Anh.  f.  mile.  Anatoinir,*  v,  p.  44;  TnniliiiDoff,  '  Filug.  A.. 

t  L.  Scvrnni.'Btcerrhi  ialli  iuoerruionc  d<j  nniuigr-T^iii.   I'a 
i87«. 

I  LT..  9.  l[ax  uid  .».  Qnlun  Bniwo.  *  Jvuntsl  of  Vh 
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kavo  brooglit  forward  ootbiug  to  prove  tliat  occurreaoes  of 
tluK  nfttaro  oxei-t  nay  ooasidoral)1e  iiifluoaco  on  tlie  capillary 
oircoIatioD.  Oa  the  cootmry,  those  who  have  made  the 
living  circulation  the  subject  of  prolonged  microscopic  obaer- 
vntioti  are  all  agreed  that  the  pliy&iolo>pcal  resistnnces  on  the 
part  of  the  capillaries  appear  to  rcmaiu  unaltered  so  long  a-s 
iHe  blood  itself  and  the  capillary  walls  cunliiine  normal.  That 
changes  in  the  cmiBlitulinn  uf  the  blood,  on  the  one  hand, 
and  in  the  capillary  wuIIk,  on  the  other,  are  capable  of  very 
coniiidcrably  modifying  the  capillary-stream,  you  will  team 
its  appropriate  place  ;  but  here  we  need  only  bear  in  raiad 
ose  conditions  thnt  interpolate  n&normif  resistances  in  theso 
inale  channels^  whether  they  arise  within  or  from  without 
«  Tcsiicls.  It  is,  ill  fact,  nothing  uncommon  for  true 
pillarioa  to  bo  occluded  by  emboli  of  fine  calibre,  and 
ilatcd  or  entire  groups  of  capillaries  are  do  less  cotnmoaty 
<od  by  some  agency  or  other  ncting  from  without. 

.    og  already  thoroughly  discussed  the  effects  of  au 

ration  of  arterial  resistance  on  the  blood-stream,  it  would 
10  sapcrfluona  to  expound  anew  the  aoalogous  events  in 
e  capillaries.  For,  regarded  from  the  poiut  of  view  of 
hydraulics,  a  uapillary  network  is  indeed  nothing  more  or  less 
than  a  Fysltm  of  vascular  tubes,  anastomosing  repeatedly 
with  one  aoother;  capillaries  not  communicating  directly  and 
freely  with  other  captlhirieci  do  not,  as  you  know,  exist  any- 
where, su  that  even  the  complete  occlusion  uf  oue  of  them 
not  be  followed  by  any  coneequeuces  except  those  attend- 
g  the  same  occurrence  in  au  artery  having  an  anastomoain 
on  cfao  further  side  of  the  abnormal  resistance;  in  other 
words,  iho  branch  capillary  in  which  the  plug  is  situated  is 
shat  uS  from  the  circuliition,  while  the  blood  passes  it  by 
right  and  left,  through  the  anastomosing  channels,  into  the 
vein  lending  from  the  part.  On  the  other  hand,  if  it  be,  uut 
A  single  cnpillary,  but  an  entire  area  that  is  compressed,  eay 
a  tumaiir,  we  have  again  to  deal  with  a  condition  precisely 
ilar  to  that  with  which  we  became  acquainted  when  con- 
cring  fiBQ  of  resistance  in  the  whole  of  the  ramificationu 
an  artery;  the  affected  part  becomes  ansFituc ;  and  as 
dn  the  locality  occupied  by  the  displaced  blood,  the  laws 
tlj  laid  dowD  «re  also  ppplicablo  here. 
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We  iDftjr  consequently  turn  witTiout  fiirtber  discussion 
tlie  tWn#.     In  the  r^nous  system,  as  is  nvoll  knuwu,  tlic 
is  notbingf  that  can  be  placed  side  by  side  with  the  rc&is 
aboe  offered  by  ortortal  tonus.     For  though  I  do  not  abio* 
lately    deny   tbo   existeuce  o£  a  certain  amount  ot  Tenons 
tonus,  tkoro   can    be  no   quostioa   that   it  is   incapablo   of 
opposing  any  perceptible  hindrance  to  the  efflnx  oE  rtnous 
blood  i   nor  are  we  acqanintod  with  nny  conditions,  in  pmr^ 
ticular  with  any  norrous  infiuences,  by  which  the  degree 
this  tonus  may  be  raiaed  or  towered.     Even  in  the  on! 
Tenons  area  in  which  the  cffluont  venoas  blood  meein  wi 
reaistancea,  and  in  which  therefore  it  flows  nnder  a  consider^ 
ably  higher  tension  than  in  any  other  portion  of  the  vascular 
system,  namely,  in  the  jv>rl!/i/ rWn  »nd  its  muiGcatinns  tn  tbo 
liver,  we  know  of  no  phenomena  that  might  bo  referred  wi' 
certainty  to  a  tonna,  or  to  an  increase  or  remission  of  t 
same.      Accordingly,  an  you  see,  aTononshypcrfPmift,  floiion," 
or  congestion  depending  on  a.  falling  o£F  in,  or  abatement  of, 
venous  resietancej  is  altogether  out  of  tbe  queation.     F 
even  the  local  dilatations  not  at  all  uncommon  in  the  venoof 
system,  the  so-called  varices  or  varicoititifif,  present  only 
apparent  diminution  of  resistance  in  the  part  conccroed. 
is  of   course  unqaestionable  that  dilutation  of  the  tc 
channels  favours  the  efflnx  of  vouoos  blood  ;  but  this 
will  here  he  at  once  coonterbalanced  by  the  naxrovrint^ 
lowing  immediately  in  front  of  the  X'arLt,  and  since  the  b 
of  the  stream  is  enlarged  without  nny  alteration  in  thu  oocel 
rating  forces,  there  will  simply  tako  place,  as  in  aneurysm 
a  considerable  rctanlatinn  of  the  blood-stream  in  tbe  intort* 
of  the  varicosity.      But  on  the  flow  on  either  side  of  it,  th 
presence  of  the  rarix  can  have  positively  no  effect. 

Purely  quantitative  rises  in  physiological  resistanrc,  snc 
ns  play  so  important  a  part  in  connection  with  tho  nrtcrie: 
cannot  from  the  very  nature  of  the  case  take  plli«^  in  Ih 
veins,  and  shoald  occasionally  n  natuml  rosiatancti  to  th 
venous  circulation  attain  a  pathological  importance  not  u 
Mling  to  it(  we  have  here  to  do,  as  yon  will  immed 
perceivo,  not  with  a  rise  of  resisianco  but  irUh  an 

of  thoMC  faclorg  tnhirh^  in  a  normal  rondilina,  oi 

to  overcomtf  it.     X  have  now  ia  mind  yranVy,  which 
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*  cootrmrf  fefcUoa.  «.  c  tv  tke  spwsid  rmtost  atnam, 
ith  tlw  bodj-  SB  aa  ered  pnaitioa      To«  «r«  inq— i»l<iif  vUb 

tuUace  a{  gTsritT  ;  thej  ar«,  firsslj,  Doacalmr  mmemenH 
ccrajanctiDB  wkb  the  actigB  of  iW  nwMS  ralret,  And, 
>Bdl;,  Ibe  xvpjnrtioa  of  tfce  tbonx  Aariag  tn^ptrmuoo. 
tf  it  W  tme  tbst  even  in  s  bealsfaj  tndtridita]  wbo««  callii^ 
irolrcfl  Ioo|f-coatmBcd  wtmadiag,  iSmtmtkmx  and  T»noi«itiM 
nodOj-  developed  ia  tht  rasa  of  tke  lower  ettwiautiii, 
ktiU  mure  oazfced  will  b«  tfae  eSKt  of  graoty  in  cWcktsg- 
le  flaw  wbeo  tfae  Boacalsr  ■wtb— ■>■  are  foebfo  and  1^ 
>irmt*on9  fthaUow  and  infreqaeat.     Td  tbe  TcncNn  stzvas 
can  still  be  tolermblr  well  maintBtaed  provided  Uw  renaiafiy 
EBClon  eoooenwd  is  tbe  ctroalatiaD  faiQ  tfceir  ofiee  rega- 
_IariT,  I.  e.  aa  Umg  ae  the  teantm  til  tht  arterial  sfitevi  is 
ligii  and  tbe  beart  acta  Ttgoroody,  and  in  eroy  respeet 
]j      Bat  aa  aoon  aa  the  aetiritj  of  tbe  beart  is  im. 
a  danger  ariaea  Croni  tbe  inilnesioe  of  ^raritT,  I«t  in 
10*0  placva  wbere  it  opposes  a  natofal  impediramt  to  tbe 
recoas  ctream,  tta  opposition  ms*  now  no  longer  be  orerCDme 
bod   tbe  blood  stagnate  there.     It  is  for  this  reason  tbat 
ienta  wboss  lower  extremities  are  pstalraed,  or  wbo  are 
Boned  on  aevonnt  of  fracture  or  tbe  like  to  matntain  a 
poaittoD  enranringlr  for  a  long  time  togetbor,  present 
a  porfrctl/  normal  cirmUtioa  tbrongboot  tbe  entire  bodj  if 
tbey  are  in  otlivr  respects  stroDf?,  and  especially  if  they  are 
free  from  pyrexia  ;  while,  sboold  tbey  be  attacked  by  a  sa^-ore 
and   prutnuted    fever,  aerioaa   circulatory  disturbance  only 
too  nadily  makes  its  appearance.      The  eame  predisposition 
nbtains  in  patients  suffering  from  protimded  pyrvxial  affec- 
B,  to  tbe  coonte  of  which  great  mnsrolar  prostration  takes 
place,  as,  for  example,  in  the  typhoid  ferers.     In  the  typhoid 
»te,  where  the  heart's  action  is  so  estremely   enfet-bled, 
rhere  the  muscoUr  marements  hare  practically  ceased,  where 
he  thorar  i?  hnt  slii^tly  distended  by  the  frequent  bat  rery 
mlluw  iiuipiniti(tQ«,  here,   I  say,  gravity  may  become  an 
impediment  of    socb  general    importance   that  the    venous 
stream  bul»,  or  almost  faiTs,  to  orcrcoine  it.     This  applies, 
only  to  the  dependitig  parts  of  th 


14S 


LOCAL  DIStU&BANCB8  OP  TUB  UIBCULATION. 


these  are,  being  deierminail  by  tbe  uttitudo  of  the  patienj 
In  those  who  m&intAin  the  dorsal  decubitas  it  will   be  the 
posterior  portions  of  the  hings  and  the  skin  coTcriag  tl 
scapulas,  sacnim,  and  calcanea;  while  in  persons  \ying 
th(>  side  it  n-iU  be  enpecialW  the  region  of  the  trochanters  rn 
M-htch    the    so-called   "  irinleing    hypfritmia  '*    or    hijpostai 
occurs.     It  is  obTtons  that  the  term  "  Binking  hyperffimiaj 
is  a  misDOtner ;  for  if  the  parts  in  question  contain  mof 
blood  than  norniat,  ihia  does  nob  arise  from  the  sinking 
an  especially  large  quantity  into  them,  but  is  dependent 
the  fact  Ihtit  Ihe  due  amount  u  not  ctmveyed  out  of  tl 
ngatHsl  t)i€  force  of  tfravili/. 

If  we  leave  these  complicated  cases  out  of  acoonnt,  onlj' 
one  form  of  local  diistnrbancc  arisliig  from  a  change  of  rost:: 
once  can,  io  accordance  with  what  I  formerly  iodicatod,  ooci 
io  the  veins,  namely,  that  <fur  to  the  interpolation  of  alm^ynnt 
retuttaiteeM.     Trtio^  this  is  on  extraordinarily  common  oocar- 
rence.     Aud  the  abnormal  resistance  may  be  situated  oitbi 
external  to  or  trt'Miu  the  aftected  rein.     I  shall  mention  ni 
a  few  nf  the  external  rai-iety  ;  they  are  the  pressure  of  article 
of  clothing  or  bandagee,  of  tumoars  and  exudations, 
pregnant  iiferus,  or  even  of  hard  fiscal  masses,  of  ntrangut 
in  hernia;  then,  too,  cicatricial  constrictionsj under  which  he 
the  process  of  hepatic  cirrhosis  is  to  be  placed.     lat 
abnormal  rcaistaoocB  are    constituted    by  tumoars 
either  in  the  venous  wall  itself  or  in  noighbonring  parts,  an^ 
growing   into  tlie  interior  of  tho   vascular  lumen,  such 
myomas,  sarcomas,  carcinomas.     The  highest  degree  of  rcviil 
nnce  is  obviously  that  presented  by  the  ocrhmon  of  a  reii 
such  as  is  occasioned  from  withont  by  severe  pretisnre,  mc 
simply  by  a  ligature,  or  from  within  by  au  obslracttve  throi 
bus  or  by  a  phlebolith  completely  tilling  the  lamon. 

The  effect  of  this  rise  iu  re&istanco  OD  tho  circtil- 
the  veins  may  be  cbaracterioed  iu  a  few  words;  '' 
mtisl  ttaijnate  hehxnd  the  retistattcCj  i.e.  tha  tract  ij 

16  rear  oE  the  obstacle  is  more  slronp!-  *^i'— '  t--' 

m  is  increobod  ;  at  the  sumo  time  tlr 
the  rrtiatttHce,  and  consequently  Ihu  V' 
diminished.     Too  see,  these  effed"  ''- 
tally  from  those  oasuing  on  the  ini 
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in  AD  arterial  cliannel.  Nevertheless,  a  mora 
■conrnte  comparison  of  tbc  details  of  tho  proco&se!;  in  each 
c*at  Hi  OQce  rt-TeaU  esseolial  diffcreuces.  Yuu  will  remem- 
ber that  in  consideriag  the  elevation,  of  arterial  rosistanco  vfe 
laid  special  weight  ou  the  fact  that  the  riso  o£  pressure  occurs 
ID  the  united  sootioaal  area  ou  tho  proximal  side,  and  we 
foand  that  a  resistauoo  in  one  oE  tho  Femoral  arterieft  causes 
an  equal  rue  of  presRure  in  tho  carotid  and  in  the  con'e- 
apoadin^  iliac.  You  will  not  expect  a  similar  effect  to  folloff 
ao  increftse  of  resistaneo  on  the  Tenons  side.  'J'he  elevation 
of  pressure  neror  est^nds  farther  back  than  the  venous 
tributaries  and  capillariea  of  tho  area  in  which  the  narrowed 
TVin  originatas,  and  is  never  communicated,  I  need  hardly 
point  out,  to  other  more  remote  or  neighbonring  vascnlar 
tcrntorie?.  The  value  actually  attained  by  the  riso  of  pres- 
sure in  the  overloaded  veins  depends  chiefly  on  the  amount 
of  rscbtaoce  interpolated.  On  connecting  the  etna  ftinuiraUit 
of  a  cnrarized  dog  by  a  f—  shipped  cannula  with  the  soda- 
BUiDometer,  and  then,  by  means  of  a  forceps  with  a  catch,  com- 
pnntng  the  venous  trunk  a  few  centimetres  in  front  of  the 
ctaoula,  belweeu  it  and  the  hearty  you  at  once  observe  a 
•low  rw)  in  tho  &oda-coIuniu,  as  a  rule  not  excoediug  So — ■ 
loo  mm. ;  the  pressure  remains  constant  for  a  time  at  this 
bvel,  and  then  gradually  sinks  to  the  extent  of  perhaps  20 
■^30  mm.  That  the  rise  of  pressure  attains  no  higher  valuo 
is  due  Dimply  to  the  presence  in  the  \eg  of  many  other  venous 
cfaanncU,  through  which  the  blood  escn-pea  into  the  cava,  so 
thai  only  a  part  of  the  united  venous  cross-section  of  tho 
ntremity  has  been  occluded  by  the  application  of  the  forceps. 
Hraoo  the  venous  tension  attains  much  more  considerablo 
proportions  if  an  india-rubber  tube  bo  placed  around  the 
mlira  limb  iu  front  of  tho  cannula,  but  not  including  tho 
femovBl  artery ;  tho  efflux  of  venous  blood  is  thus  completely 
blochuJ,  and  (he  venous  pressure  may  now  for  a  time  almost 
('  arterial  in  value,  as  was  long  ago  determined  by 

iv,.- »..<  and  Magendie.*  All  compensation  is  impossible 
|t«z« ;  if  the  retreat  of  tho  venous  blood  is  altogether  cut  oBj 
t'  I  all  ibo  vesiels  of  the  leg  must  necessarily 
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nndergo  a  steady  increase,  and  fmally  monnt  50  hijifli  that  it 
is  only  slightly  less  than  that  of  tho  eopplyiag  arteries. 

Not  so  wheo  otli(>r  vcdoqk  clianuels  afford  a  free  pauaga 
to  the  blood.  X  have  jast  called  atteotioD  to  the  fact 
the  pressure  in  the  occluded  v.  fenwralia  begins  o£ter  a  lli 
to  Fnll  from  the  elevatiou  attained  by  it,  and  yoa  yoarscU 
without  doubt  haTo  conetrued  this  a&  indiostive  of  coiui 
ing  compeoij&tion.  This  isj  in  truth,  the  case  ;  but  Loro, 
the  further  course  of  events  in  ruiaa  and  artcrios  deviatci 
widely  onongh  in  matters  of  detail,  as  the  result  of  the  dif- 
ferent disposition  of  tho  arterial  and  venous  systems.  In 
tfao  veins  tUero  aro  various  arrangements  that  fncititaio  a 
compensation  of  the  impediment.  The  slight  physiologic 
resistauco  of  the  veuons  system  is  favorable  id  ihi^  respect. 
tho  Bcxibilityoud  thinness  of  Thevcnonsnalbi  is  aUu  favnmblu, 
bnt  the  circamstaoce  that  the  collateral  channels  are 
amply  developed  in  the  venous  system  is  abovi-*  all  a,  t.  ^ 
factor  ;  for  example,  one  artery  is  very  often  acccim[...' 
tRo  veins.  On  the  other  band,  tho  incousiderubh)  tenswi 
in  the  veins  is  not,  it  is  trae,  iu  itself  promotive  of  compon* 
satiou  ;  still  we  have  just  nuw  seeu  bow  capable  this  is  ol 
oousiderablo  increase,  and  how  high  a  valu«  it  can  reach 
the  result  of  an  augmentation  of  resistnuce. 

Thus  a  perfect  compeneatiou  o£  increased  venous  rveisl 
ance  may  very  often  be  suLx-essfully  c-fl'ectvd.  If,  for  ex.^ 
ample,  an  impedimeut  be  seated  in  eno  of  the  deep  V  '  V 
veins,  all  the  blood  that  cannot  pass  through  tho  vc 
simply  flow  o[f  through  its  fellow,  since  ibu  rise  of  pros 
on  the  distal  side  of  the  obstacle,  alihougli  slight,  is  yt 
great  enongb  so  to  distend  the  tiecund  brachial  vein,  wluot 
poaaes&ea  praotically  no  power  of  resistance,  that  the  lalit 
can  accommudato  and  carry  off  the  Inrger  ipiuotity  of  blouti 
No  kind  of  detriment  to,  or  derangement  of,  the  circulotiut 
of  tho  arm  is  to  bo  anticipated  under  thcso  circumstAnc 
The  valvoless  veins  of  the  oavities  of  the  body  ui 
adapted  for  compensation,  and  no  event  could  i 
different  to  the  circulation  in  the  intestines  than  tho 
sion  of  a  branch  of  tho  v,  muicnU  n'en,  or  to  r 
the  genital  organs  than  the  obatrucliuu  of  o;  > 
peine  ireias.      Yet  ia  the  estimattou 
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win  be  pradcDt  to  calculato  carofally  the  nature  of  the  aaa^ 
tomioal  arrangcnietilB.  Thus  the  venous  valvefi,  howover 
doiirable  llioir  presence  and  action  whei'e  the  circulation  ts 
nortnal,  may  occasionally  render  the  compensation  of  a  re- 
sistance absolntvljr  impossible.  The  femoral  vein  is  connected 
by  a  reaoas  circle  wirh  the  circumflex  iliac  vein,  an  arrange- 
ment apparently  very  favorable  to  compensation.  And 
yot  thifl  circle  is  ntterly  worthless  wbere  an  impeditueat 
is  Mtttod  in  the  feuiurul,  for,  as  Brattiit.'*  has  shown,  the 
Talvea  prevent  any  flow  of  a  compensatory  character.  Add 
I  :'  '  nt  the  collateral  chaunels,  thoujfh  on  the  whole  very 
i>i  <^,  are  far   from  UHirersalli/  prusent  ;  thus  tho  trunk 

*ft  the  portal  vein  is  about  the  only  vessel  carr)-ia^  away 
blood  from  the  ubdouieu,  and  if  this  be  narrowed,  ntill  mortj 
if  it  bo  occluUuU,  thure  remain  only  some  very  diminutive, 
lod  in  any  case  perfectly  insulHcient,  vascular  channels  still 
uoeseiblo  tu  the  blood  of  the  iutesLines,  pancruaK,  &c. 
Braane  has  also  shovrn  that  in  unm  the  v.  jetiutralis  is  almost 
tho  only  vonuus  branch  at  Puupart's  lignmeut  which  ci>uveys 
tiw  blood  from  the  lower  oxtreiuity  into  the  abdowmaL 
cifity.'*'  The  like  remark  applies  to  the  r.  renalut,  which. 
«Imo  normally  carries  off  so  preponderating  a  qaautity  of 
blood  from  t)ic  kidney  that  its  remaining  vessels  are  quite 
Ihrown  into  the  shade.  This  example  is  especially  calcaluted 
to  sbotr  where,  despite  all  favorable  conditions,  the  limits 
to  the  possibility  of  compousatioii  arc  to  bo  songht ;  a  vary 
(oaII  vein  is  not  in  a  position  to  carry  olf  iustauter  the  blood 
from  a  Urge  area,  in  the  principal  veiu  of  which  a  consider- 
•falo  rtsisiBoee  is  interpolated;  and  where  there  are  aclually 
■ereral  larger  veins  leading  out  of  a  part  the  complete  ob- 
Umctioa  of  some  of  them  will  invariably  tell  as  a  resistance 
lo  tbc  ttital  efflux.  There  remains,  as  you  see,  a  variity  of 
aw«B  in  which  an  immediato  compensation  is  not  effected,  in 
wlu'oli,  consequently,  the  abnormal  resistance  must  exercisQ  ita 
iaflnencv  on  the  circulation  through  the  affected  port  What 
m  Out  oouditioo  of  tho  circulation  under  these  circumstances  t 
la  orditr  to  arrive  at  a  trustworthy  decision  on  this  ques- 
UoB,  it  ID  BXpedieut  to  subject  a  vascolur  area,  in  whoso  cffe- 
<iDS  rMutoBcoa  are  iatcrpohitod,  to  direct  microscopic 
B*.*0l»Obtnr)i«nk«lven«  d.  MenMken,'  Leipsig,  1871. 
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cxamioatlon.     Tou  have  all  of  ;od  already  liad  an  oppor- 
limity  of  obserring  under  n  low  or  a  liigh  [Kiwcr  Iha  finer 
<letails  of  the  circulation  Mirough  tlie  web  or  the  toDgue  of  tbo 
Trog,  so  that  I  may  restrict  mvself  lo  recHUing  very  briefly 
to  yoar  memoriea  the  distiiigui&liing  ami  charnRt^ristie  marks 
of  the  ilow  in  the  three  kinds  of  Tcsusels.*     If  you  du  not 
employ  too  high  a  power,  it  is  almost  everywhere  possible 
to  examine  sirniiltaneously  arterira,  veins,  and  capillaries  in 
the  same  field  of  the  microscope,  and  in  any  case  it  is  advis- 
able to  seek  oat  a  spot  in  the  tongae  or  mli.  natann  whca-e 
you  may  directly  compare  the  three  sorts  of  vessels.     The 
lirst  thiug  which  strikes  everybody  is  of  course  the  different 
directions  of  the  stream,  the  direction  in  the  arteries  being 
the  very  opposite  to  that  in  the  veins,  and  in  the  capiltanfts, 
as  a  rule,  from  the  arteries  to  the  reins ;  it  is  iotelligible  dmc 
on  account  of  the  reticular  arrangement  of  the  capillary  vessoU  I 
the  direction  of  the  stream  through  them  will  be  hv  no  means 
constant ;  indeed,  it  is  nothiog  uncommon  to  find  a  complete 
cessation  of  movement  for  a  longer  or  shorter  period  in  a 
capillary  channel,  or  even  places  where  the  direction  of  the 
flow  is  completely  reversed  for  a  short  distance.     Moreorer,  j 
the  eye  is  attracted  by  the  difference  in  the  velocity  of  the  I 
stream  in  the  three  kinds  of  vessels.     The  flow  throngh  tb» 
arteries  is  by  far  the  most  rapid,  a  character  by  which  tbeasj 
vessels  are  usnally  first  identilied  by  the  unpractised  obsemrH 
next  lo  this  comes  the  vcnoas  atroara,  whichj  especially  la] 
the  larger  vessels,  is  very  rapid,  so  that  with  a  mngnifyingj 
power  of    150—180  one  mnst  be  on  the  alert  in   order  taj 
catch  the  contour  of  a  single  blood-corpuscle.     On  the  otherj 
hand,  the  stream  is  slower  in  the  Rmall  veinn,  and  in  tbo 
capiUaries  the  movement  is,  as  a  rule,  so  tardy  that  the  indi- 
vtdual  corpuscles  can  he  determined  without  any  difflcuUj 
even  when  very  high  magnifying  powers  are  employed. 
a  rale,  I  say,  for  in  this  point,  too,  the  inconstancy  uf 
capillary -St  ream  is  often  enough  apparent.     If  a  group  ol 
capillaries  be  kept  some  time  under  obserration  the  blood  'n 
occasionally  seen  to  hurry  suddenly  through   a  uutnbvr  ol 
thcnc  with  increased  rapidity  ;  this  continues  for  awhilCf  anc 
then  the  stream  becomes  again  slower  and  slower,  till  afl< 
•  Cr.  Cobnlwiai,  ■  Vircli.  AV  »*.  ^  3»- 
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an  iat«rral  it  reftssonies  the  oaual  quiet  ten}po  wbicli  has  been 
Ttittintained  nitliuut  inUirniption  in  tlio  neighbouring  capil- 
l&riu.  The  cause  of  tbeso  voriiitions  is  not  far  to  scok ; 
<faoy  certainly  depend  on  alterations  in  tho  lumen  of  the 
afferent  arteries,  with  respect  to  which  I  hare  ah'eady  men- 
tiunrd  (hat  &Iter»tions  in  their  calibre  arc  no  less  porccptiblo 
bj  the  aid  of  tho  laicroHcope  than  an>  changes  in  the  larger 
artertea  to  the  naked  eye.  A  further  difference  in  the  stream 
in  the  arteries  as  compared  with  that  in  the  other  vessels 
consists,  if  I  may  say  so,  in  its  quality.  The  arterial  stream 
ia  pulaatite,  and  each  systole  maj  he  recognised  even  in 
TBiy  amall  arteries  by  the  rhythmical  acceleration  and  relarda- 
,  tion  of  the  blood -stream ;  it  is  as  though  the  colntnn  of  blood 
^^fteeiTed  each  time  ■  powerful  throst  impelling  it  forward 
^^bew.  Sach  a  rhythmical  movement  is  unquestionably  ab* 
^^■Bt  from  tho  capillaries  aud  veins  iu  a  norranl  condition ; 
^^Be  Stream  i«  Mntinuou*,  homoyeneoas  iu  both.  An  especial 
^^Bterest  attaches,  further,  to  tlie  condition  of  the  jKriphrral 
^^Dn*  in  tho  three  kinds  of  vessels.  For  in  the  artcnes  the 
«OTt  of  r&d  blood  does  not  completely  fill  the  lumen,  and 
tbvro  always  remains  between  it  and  tho  inner  cuntour  of 
(be  vessel  wall  an  nnooloored  layer  of  variable  width,  but 
BeasDring  in  general  about  0*01  mm.,  in  which  a  red  cor- 
puscle is  never  to  bo  seen,  a  solitary  leucocyte  but  extremely 
rarely,  and  where  consequently  nothing  but  ptasvia  Hows. 
in  the  reins  there  is  also  a  similar  peripheral  plasmatic  zone, 
bnc  here  wc  rogulnrly  find  scattered  colourless  blood-corpus- 
cles^ which  advance  more  slowly,  indeed,  much  more  slowly, 
than  docs  tho  axial  core  of  red  corpuscles.  In  the  capil- 
laries, lastly,  there  is  no  <ipecin1  peripheral  zone,  for  the 
lumen  of  these  vessels  allows  at  most  of  the  passage  of  two 
blood -corpuscles  abreast,  and  in  the  narrower  channels  adtnitg 
ly  one.  The  corpuscles,  red  as  well  aa  white,  arc  here 
erywhero  in  contact  with  the  wall,  and  aIthou<;h  it  occa< 
Hionolly  happens  that  they  may  he  absent  for  a  time  from  a 
•capillary  branch  and  only  plasma  flow  in  it,  this  appearance 
tJi  quite  inconatant,  and  as  a  rule  quickly  passes  off,  giving 
j)Iace  under  the  eye  of  the  observer  to  the  ordinary  stream 
of  corpnsclcs.  All  other  distinctions  that  may  chance  to  be 
resent  fall  into  the  shado  iu  view  of  these  striking  differ- 
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OQces  in  tlie  ilow  tlirongH  tho  tbroo  kiads  of  vessels ;  in  pmr- 
ticnlar  the  diversity  in  llio  e<iIouT  of  the  Hood  ia  BC&rccU^ 
npparcDt,  presumably  on  accaunt  of  tho  ibioDe&s  oE  tbu  layai 
imdor  obserTatioo. 

I£  yoa  desire  to  follow  under  the  microscope  the  diBtorl 
anccs  ID  tbo  circulation  bitberto  discussed,  nothing  ow  ho\ 
moro  aimplo.  Tou  need  only  roughly  braih  the  toDKuoj 
of  a  curorizcd  frog,  when  the  inteuso  redness  will  not  lonj^j 
loavo  you  doubtful  tlmt  a  truo  arterial  congestion  has  set;] 
in.  A  roally  mtignificcnt  spoctacle  now  presents  itself  (orj 
microacopic  observation.  All  the  vessola,  iirterios,  cnpil< 
Itirtes,  and  voius,  are  wide  and  strongly  distended  with  blood  ;j 
inniimorablo  capillarios  artt  perceptible  at  a  gtanco  whom 
previously  a  few  red-coloured  threads  wera  toilsooioly  sought 
for ;  and  in  all  thciio  vessels,  small  and  large,  the  blood  nuhoi 
on  with  the  greatest  rapidity,  so  rapidly,  that  eron  in  Uitfj 
capillarteit  tho  eye  in  vain  strives  to  natch  tho  outlino  of  u 
single  corpuscle.  Meanwhile  the  axial  character  of  the] 
stream  in  the  arteries  and  veins  is  in  no  respect  nltor«d,  orj 
at  most  tho  peripheral  plasmatic  Eono  in  tho  voios  i*  alfo . 
very  poor  in  colourWss  corpuscles. 

Tho  microscopio  demou&tratiou  of  local  anemia  may  1m j 
moKt  readily  carried  out  on  ihu  aame  preparation.     Tbo  appli- 
cation of  pR-ce«  of  ice  need  nut  oven  be  resorted  to  iu  ocdcrl 
to  bring  about  coutracttou  of  the  Ungual  arteries;  it  il 
sufficient  simply  to  secure  the  tongue  in  position  for  a  tiiarj 
after  having  extended  and  stretched  it  a  Ultle,  when  what- 
ever hyperiumiu  may  nt  first  have  arisen,  quickly  gives  way 
to  complete  anajmia.     The  arteries  become  narrow^  the  whole 
tongue  pale.     The   eye  has  diHiculty  even  in   lindmg  any 
except  the  larger  vessels ;  but  few  capillaries  appear 
contain    any  blood  ;  and  where    a    considernble    quantity  of 
blood  is  still  present,  as  in  the  arteries  and  veins,  the  flow  bl 
tardy>  and  e\*eD  in  the  srtcrieB  tho  individual  corpnsclcs  can 
now  gcneriilly  bo  recognised.     The  rhythmical  m-ccle ration  ofj 
the  flow  will  naiurnliy  bo  cnnspicuous  in  proportion  to  thej 
slonoass  of  tho  Blroiun.     Aud  as  rrgards  tho  arterial  plas- 
inatio  layer,   some  colourless  corpuscles  oc(  '  ' 
nud  remain  iu  it  for  a  time*  whilo  in  the  vri 
of  leucocytea  iu  tho  peripheral  souo  undergoes  very  conaidor- 
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>Io  iDcreftse— facts  wbtcli  ate  easily  explained  hy  tho  tardi- 

lesa  lit  tbc  bluud-ati-eiim.     The  circulntiuii  ooatinuea  in  this 

fitstu  n&  luii^  iu>  tliu  iuclKi'iniii.  lusts,  without  tlio  occurreui-o 

of  any  other  porceptiblo  change  ia  the  vessels  themselves  or 

their  vicinity.* 

Ig  oriicr  uuxt  to  prepnre  the  frog's  tong-ao  far  a  micro- 
i|ucttl  study  of  the  circiilaiion  in  obstruction  to  tho  effiax  of 
>uuu3  bliKtd^  it  is  only  necessary  tu  ligature  both  tho  largo 
tins  nhich,  one  on  each   side,  convey  the  blood  into  the 
rge  vouoas  trunk  coureing  along  the  iloor  of  the  buccal 
Irity  ;  for  somo  small  veins  situated  between  tho  principal 
ignnl  TL'ius  coiitiDuiDgpei*viuu9,  these  are  sufficient  to  allow, 
>Dgfa  imperfectly,  of  tho  cflSux  of  venous  blood.      Or  you 
fty  bind  a  thread,  round  tho  thigh  of  a  frog,  being  careful 
employ  only  moderate  ti-actiou.      Such  pressure  leaves  the 
(crtal  ctrcuhttion  (juite  undisturbed,  and  by  no  means  pro- 
hitA  the  escape  of  venous  bluod,  but  simply  impedes  it. 
\oa  may  now  observe  the  coudition  of  the  vessels  in  the 
riinming-wub  under  whatever  power  you  choose.     What 
ikes  you  imme^liutely  after  applying  the  ligature  is  the 
rrcate  in  Ihc  velwiij  of  the  stream  tliroiigh  tho  vems  and 
lillories.      Tho  blood  cannot  advauoo  as  formerly,  and  so- 
ttaijuntr^,  as  you  can  see  ipiitc  plainly.      This  occurs  first 
■ger  veios,  Iheu   fnriher  bock  in  tlie  venous  tribu- 
taries, And  very  soou  in  the  capillaries  as  far  back  as  their 
lion  with  tho  arteries.      In  the  tongue,   where  tlie  ve.ssuU 
1)  surrounded  by  very  Ux  tissue,  there  takes  place  at  tho 
le  time  irith  tho  stagnation  a  gradual  dilatation  of  tho  veins 
'Varies  ;  in  tho  former  vesftels  this  may  become  really 
:  .i)|c.      In   the  memli.   natauxj  whose   tissue   is  very 
and  its  meshes  with  difficulty  distensible,  the  dilatation 
tlie  ovcrloadfJ   vessels  is  only  trifling.      Hut  instead  of 
a  new  appearance  is  all  the  more  rapidly  developed  here, 
lely,  the  blocHtuj  of  the  vascular  fhaniwU  with   hhod'COr- 
fnickt.     The  peripheral    pUsmatic   zone  of  the   reins  dis- 
uf  for  the  red  bLo<>d-corpusclcs  fill  out  the  lumen  till 
»y  cotue  iuCo  contact  with  the  internal  cootour  of   the 
Bol  wall,  and  iu  tho  capillaries  nlso  there  ensues  a  very 

Cdbabcini,  *  Nfftio  Unteraadimitfen  ubcr  <li«  Eottuiulung/ Berlin,  1S73. 
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■dcnsD  accnmalation  of  red  corpuscles,  owiog  to  which  llio 
leucocytes  present  nre  completely  conccalod.      The  arteries 
alooe   Iiave    maint&iued  tbeir  axial  atream  and  their  nfluml. 
rliythmical  flow.     Thus  the  iotenso  dark  redoesa,  which  tii< 
■organ  presenU  to  the  uaked  eye,  ia  found  on  micro«copi( 
exaiuiiifitioit  to  depend  on  a  general  distension  o£  nil  tkftl 
capillaries  and  veins  with  red  corpuscles.     Tlio&e  pass  for- 
wards iu  slow  tempo,  and  where  the  hindrance  to  the  eseapo 
vt    venous  blood  is    oouaiderable,  at  tinitB   with  a  clearlj^ 
rhythmical  moTomont,  owing  to  the  fact  that  the  impetlimoiil 
can  hu  mere  readily  overcome  during  the  nytttole  than 
possible  during  tbe  pause.     The  dcoso  accumulaUon  uf  blood- 
corpuscles  in.  the  veins  and  capitlai-ies  can  occur,  of  com 
only  at  the  exiM;nse  of  the  liquor  eanguims.     What  becoi 
of  the  lattur  will  soon  he  apparent.     Fur  you  notice  after 
time  that  the  tongue  or  bwimtning-web  has  become  Ibicku 
iiimf/ieiij  which  simply  mcaaa  that  a  certain  amount  of  liqm 
has  iransudi^d  into  the  tissues  surrounding  the  vessels.     Tnie^ 
u  pretty  long  time,  eren  several  hours,  mast  elapse  be£ure 
the  infiltration  of  the  tongue  or  swimming-web  with  trans- 
uded lupior  icn»gninig  has  reached  such  proportions  aa  to 
impress  the  sight  or  tooch  as  actnal  swelling.     Bat  plouo 
reflect  in  the  first  place  how  diminntire  arc  the  vessels  with 
which  we  have  to  do  in  these  localities,  and  above  all  con- 
eider  that  by  no  means  the  entire  quantity  of  fluid  transuding 
into  the  surrounding  parts  forthwith  takes  upitsabf^-l 
Yon  are  acquainted  with  the  natural  effluent  chauj         _rj 
vnscular   transudations,   I  mean  the  lymphalies.     There 
moreover,  no  difficulty  in  showing  that  the  flow  of  lymph' 
from  a  j>art  is  augmented  when  the  escape  of  venouH  blooc 
t«  impeded.*     On  intrudacing  a  cannula  into  one  of 
lymphatics  on  the  outer  side  oE  thu  leg  of  a  dog,  an  f     ■ 
small  quantity  of   lymph  flows  off  from  the  foot,  bch....^ 
drop  iu  several  minutes,  as  long  as  the  limb  Is  at  rest, 
now  lignturiug  the  pinncipal  veins  conducting  the  blood  fraf 
jl  the  leg,  or  on  surrounding  the  thigh  just  above  the  ki 

!th  a  ligature,  which  must  not  be  drawn  too  tightly, 
lymph  at  once  begins  to  drop  from  the  cannula,  so  that  jom 
-can  now  obtam  in  the  same  time  as  manjr  (and  indeed  moi 
*  £iDininghaai,  *  Arh.  ani.  d.  I^aipz.  pbys.  titaL/  1874. 
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onbic  ccDlimetrea  of  lymph  as  yo\i  formerly  obtnined  drops. 
While  the  increase  in  the  lymph -strcnm  seU  id  immodiat^ly 
on  sppIyJDg  the  ligature,  a  tumefaction  of  the  foot  is  only 
slowly  and  gradually  developed  during  the  spaca  oE  soToral 
hoars.  Indeed  it  often  happens  in  tliis  esperiinent  that 
the  flcodloratiuii  and  increase  of  tho  lyuiph-strt^am  niakea 
its  appearancej  wliile  the  swelling  of  the  paw  does  not  tako 
place,  if  immely  the  el!lux  of  venous  blood  haa  been  com- 
paratively little  interfered  with.  The  iafercnce  is  Himplu 
eoongh ;  a  Bwelling,  an  infiltration  of  a  part  wit>h  transudo- 
tion,  an  cedema  from  vonoas  stagnation  arises  only  when  thit 
lymphatirs  of  tho  port  are  incapablo  of  carrying  oS  the  whulo 
of  the  transudnrtioD. 
^If  we  now  seek  to  explain  these  events,  which  are  »o  con- 
itly  associated  with  all  hindrances  to  the  retum  of  venona 
blood,  with  veaoiia  engorgement,  ns  it  may  bo  briiHly  t«m«), 
the  key  ia  to  be  fonnd,  it  appeora  to  me,  in  tho  bflhaTicmr  of 
the  arteries.  We  formerly  saw  tliat  tho  effect*  of  arterial 
cODgDstion  aa  well  as  of  arterial  annmia  extend  on  inlo  th» 
reioa  ;  how.  in  tho  former,  the  blood  pa»09  tfaroB^  ibe  TffM 
fed  by  the  congt'sled  arteries  under  increued  pnuMOf*  mhI 
with  augmented  velocity ;  how,  in  tbo  l«tt«r,  th«  v«t>otu  strcani 
ia  feeble  and  slow  Ju  proportion  to  the  amoootof  (be  >inp«di' 
meut  to  the  entrance  o£  blood  iuto  the  arteries.  Svm,  Ikiw 
ia  it  that  »  hindrance  interpolated  in  t^  reins  6om  oot  flowrfr 
its  iDdoeDco  back  throagb  the  capillaries  into  tlw  •rtniat, 
and  hero  anfiert  itself  as  arterial  rasistaoee,  as  a  ra»fata«9» 
with  regard  to  the  oompensatkin  of  tfc*  effeeU  fA  wlnsli  »* 
already  know  bow  the  orgaoinH  prooasJi?  TW  ystAoK  ia 
the  more  jostifiable  as  somelbiag  of  iW  kM  mimJkj  Me«n» 
in  tho  lan^.  Yon  will  rwoUMt  bum  ema  idatewiliott  tA  U»» 
cardiac  lesions  t}ist  ateaoMi  ef  tte  bit  aarinfe^^tiHfMvJ^ 
orifice  exerts  an  infleeac*  no*  mw\j  m  IIw  ptiimtfmfy  t«ftM 
bat  as  far  back  aa  the  pwlswary  lartcriee,  f>  llMI  iJU  rJgW 
heart  dilates  and  lijpcrteppkim  a«mf  to  iJke  #«N«bAM  ^ 
the  latter.  And  tbi*  chbm  net  ««!y  o*  Wm4n0mm  kt  tlW 
entire  reaons  eflkz  inm  tWlsa^^iet  m  ft^titdf  ^  mHa^ 
way  on  abn(/nsal  imitmi^ii  Ihal  Iwre  tm  JiWrryihtiil  ttt 
a  p«ui.  of  the  palnig— ty  ysn—e  AammiA,  €Sm 
manometer  into  tJw  iaJvioT  anMifal  Waasfc  ^  li*  «, 


V, 


wckt  DisTCTiBAifrFs  nr  thb  trramaTrosf. 


jn'n.  in  (\xo  dog,  nnil  then  by  moana  of  a  clamp  occladin^  tW , 
Ti'inR  of  the  Biipenor  lobo  on  the  ftamo  nirlp,  ur  itomo  of  the 
vuin»  of    the   right  Innjr,  yon    obsenre    afu?r  ii  very  short 
tltno  B  riftA  of  prcflsorc^  in  the  ft.  pulmotioliA  from  15D  to  siii] 
or  ovpn  27n  mm.  soda,  while  the  teusioii  fulls  at  onco  to  it«| 
Original  value  on  tPnioring  thp  clatnp  from  iho  vein?.     Twi 
nmyrepi'At  this  sereml  times  on  the  same  Animal,  and  alway*] 
with  tho  same  result,  a  most  certain  indicntion  that  ibis  rtw 
tK  dependent  solely  on  purely  mechaulcat  rclritious. 

You  tind  nothing  analogons  to  this  in  the  srstcmic  nrturitt. 
On  connecting  the  a./etHoralin  of  a  cumriRfJ  dug  with  Ihf 
icymo^aph  by  nieana  of  a  Ktube  you  can  saiifefy  yinipselviw 
that  compru&siou  of,  or  the  removal  uf  pressure  from,  th« 
ff. /i-m'/ra/iV  has  not  the  slightest  influenro  tnt  the  tun^on; 
you   ntay  even  includu  Lho  wholi'  extrrniiiy,  Lhn  artery  ex- 
cepted, in  an  indin-rnbber  tube,  and  yet  the  cnrvo  doe*  not 
diHplsy  the  least  alterutiou.     ^Vhen  pulmonary  and  systemic 
ortcrit'8  behave  so  dillereuily  iu  preeence  of  the  ^nme  inltr- 
fcrence,  the  cause  roupt  lie  in  physiological  contri^'niices  vrliJeli 
are  difTcrent  iu  both.     The  tonus,  as  yon  are  aware,  fnlfilt 
the  rerjuircmcnt,  for  it  is  practically  nbsL-nt  from  the  pal. 
monnry,  and,  on  the  contrary,  playa  a  most  important  part 
in  the  Ryjttctnic,  arteries.     The  high  pressare  of  fhr-  ^ 
due  Bolely  to  the  touas,  and  it  is  this  pressuro  that 
the  renous  stasis.     Even  vhcre  the  rcnonn  offlaz  Is  oom- 
pletely  blocked  the  tension  of  the  veins  does  not,  as  w«l 
already  mcutioncd,  altog-ethor  attain  the  artej-ial  level :  still, 
moro  will  the  venouH  pressure  value  fall  short  of  the  arterial U| 
the  venous  How  is  only  impedeiland  not  complpti*!y  alrolieheJ. 
Hence  the  ortorial  supply  continues,  and  the  capilluriex  ant: 
placed  in  n  dilemma,  so  to  speak ;  on  the  one  side  tJic  staodyj 
supply  of  arterial  blood,  ou  the  other  lho  rcsistnTice  in  tlh 
veins  interfering  with  the  due  advance  of  the  h1ni.it 
inevitable  resnlt  is  that  a  jtartionaf  the  liqwirMah 
to  r^rnpc  tulrralftf  through  tlie  walls  of  the   thiiu 
i,«.  from  the  capilloricn  and  aUo  prohahly  rti.it. 
Winn,  thtU  rtnue^umiliy  thi>  tranrutifition  . 

''  '    that,    in  accordance   wilh   t 

'^'  '-    tmnsndatioD   is   the  rcsoli  ■ 

iKitwuei)  the  afflux  of  artorial  and  the  ei^l 
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it  direoUy  follows  thai  Ifie  intent  of  the  transudatum  ia  licter- 

mined,  not  bj/  thf  dajrii>  uj  rpiiotw  regiglancft  a{o}ie,  hut  aho 
^tf  Ifte  amount  of  the  arterial  suppttf.  If  tho  urterlus  con- 
Hljjring  blood  to  a  port  aro  few  and  narrovr  you  can  under- 

ttand  that  small  aiid  weak  veins  will  be  sulBoient  to  secure 
^1  adcqaoto  escape  of  blood  ;  and  conversely,  whcro  tho 
^Merial  stream  is  a  yctj  strong  one,  a  moderate  obstacle  to 

tnc  vpnonn  Bow  may  cause  marked  stasis  and  transudation. 

t  ligaturing  in  the  rabbit  the  whole  of  the  larger  veins  of 
hears  where  thojleavo  tho  root,  and  dividing  the  cervical 
ipatlietic  of  one  sidCj  the  car  whoso  Rympnthotic  if  nuin- 
jorcd  will  display  no  change  whatever,  while  in  the  otber  a 
constdcrablo  doaghy  tumefaction  is  developed  within  a  few 
^bnn.     This  cedema  has  in  the  abstract  notbiog  to  do  with 
VSteria!    congestinu,   and   it  was   au  odd   misconcoption  of 
RftDTier*  that  led  him  to  urge  so  warmly  ibo  importance  of 
the  vaso'motors  in  this  experiment.      It  is  the  hindrance  to 
the  escape  of  venous  blood  that  is  the  sole  determiniDg  factor 
ia  the  oedema,  and  the  congestion  is  influential  only  becaoso 
it  modiries  so  anfavorably  the  disproportion  between  afflux 
and  efflax.      But  you  will  do  well  not  to  nndor-cstimate  the 
increase  of  the  disproportion  brought  about  by  an  arterial 
BOBgestion.     You    formerly   saw  that  the  pressure   in   the 
v./emvralig  rose,  after  occlosion  of  tho  central  end,  to  80 — 
100  mm.  soda.     Let  tho  steps  of  your  experiment  be  prc- 
ctMtly  as  before,  and  thou  divide  the  sciatio  on  the  same  side, 
^auA  yoa  wiU  see  tho  venous  pressure  mount  to  2S0  mra.  in  a 
^p  minntes.     To  anyone  who  has  witnessed  this  rc^nlt  it 
%ni  not  bo  astonishing  that,  after  ligatnre  of  the  v.  ram  in- 
in  tho  dog,  only  the  binder  extremity  whose  sciatio  is 
ridod  becomes  ccdcmat^ms,  while  its  fellow  betrays  no  trace 
Blling.     Yet  the  course  of  this  experiment,  by  which 
principally  supports  his  view,  is  by  no  me«us  cou- 
itj  for  it  not  uncommonly  happens  that  oedema  makes  its 
ftppearance  neither  in  the  paralysed  nor  in  the  uninjured  leg 
Ugatnre  of  the  r.  rava  in/rrior,  simply  because  the  por- 

renouR  blood  passing  from  the  hinder  eitremity  by 

w  of  the  I'fiofrt  connnunis  into  the  ana  i»/.  is  not,  in  all 
KTcatly  preponderating  quantity.     The  accessory 
•  Eanvier,  "Cotnpt.  rend,,'  Uix,  p.  ag. 
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TOnoiia  chnoDuls  oE  tlio  extremities  are,  it  is  true,  VMiabto 
iminlior  and  size  in  dtfToront  specimens,  3'et,  oven  oftor  dccId 
sion  o£  tbo  r.  feuwralut  and  of  the  v.  xtchiadicn  as  well,  tliey 
arc  in  any  caso  snffictent  to  ponnit  the  euy  offlnx  of  all  the 
'blood  forminfi^  tlie  nsnnl  nrtorJal  supply  of  tho  limb.      If  one 
dcsiro  to  really  scrionsly  impede  the  escape  of  vcnotu  blood 
from  the  extremity,  these  collateral  ohonnolp  must  bo  in 
eluded,  and   this  in  not  accomplished  by  merely  ligaturini 
some  of  the  larger  branches.     You  may,  bowerer,  attain  llii 
object  by  introducing  into  one  of  the  small  cutancons  vci 
on  the  dorsum  of  the  foot  a  paste  of  plaster  of  Paris  so  as  ti 
fill  the  larger  veins,  while  an  india>nibher  tube  tightly  twiit 
round  the  extremity  in  the  inguinal  region  cots  off  (or  th 
timo  being  alt  communication  with  the  remaining  BjBtfimii 
reins  ;  as  soon  as  the  pnste  bas  Eet,  i',  e.  aft«r  about  ton  U> 
fifteen  minates,  the  tube  is  removed.     Although  the  scialti 
now  thoroughly  fulfils  its   Eanction,  a  passive  ocdoma  takr» 
place  with  absolute  certainty  ;   it  is  notictable  after  a  few 
boars  in  the  neighbourhood  of  tbe  fe»(fo  AchilUv,  and  by  tbo 
following  day  has  spread  to  tbe  entire  extremity,  »o   thai 
this  assuuies  a  perfectly  cylindrical  form.*     Moreover,  this 
swelling,  as  I  may  remark  in  passing,  is  by  no  means  per-: 
mancnt,  but  begins  to  decline  as  farly  as  tbo  third  or  fourib' 
dayj  and  tbo  conligaratiou  of   tbo  limb  opcmttfd  upon  h^ 
aftor  ono  or  two  weeks,  in  no  way  distiuguishoblo  froui  that 
of  its  fellow  'f  nor  need  tbe  experiment  bo  attended  by  any 
other  effects  prejudicial  to  tlio  animal. 

Accordingly,  it  is  indabitable  that  the  fluid  of  ojdcma  t*' 
oxpressed  from  tbo  capillaric^t  and  smallest  tcidh  as  th 
result  of  a  rise  of  pressure  proceeding  from  tbo  venous  sidr 
bnt  it  is  btj  no  maiua  pure  ptatma  that  bore  6lters  throngi 
the  capillary  Trntls.  In  the  transudation  of  slaguatiou  lli 
constituents  of  plnsma  nrn  contained  in  proportiana  and  com 
cattrathtv  ttitirely  diffrrcnt  to  thorc  of  tkr  plagma  \Uiv\f. 
saline  contents  and  the  so<caIk-d  c-xtractiTcs  accord  tol«rab] 
completely  in  both  ;  on  the  other  hnnd,  tho  transudation 
ioTariably  jHwrcr  in  albumen,  au  that  the  dried  reaidue 
Tcry  considerably  less  than  that  left  by  plasma.  But  n" 
merely  leu  than  that  of  tbe  blood-plosuia ;  it  ia  always  ttr 

•  Sotnits  Aewiij.  *  riP^fc.  JL,*  Us%  p.  «5. 


PASSTVR   HTPEBSMIA. 


ICl 


ten  tlian  the  residue  oC  uonuiil  Ijmpli  obtained  from  a  part 
veins  aro  pervious  ;  while  tha  tatter  usually  conlainn 
Ben  4  aud  5  per  ceiil.  of  solid  constituents,  Ihu  I^'niph 
staj^natiun  falla  to  3  or  ovon  2  per  cent."'  It  is  to  bo 
Hiced  further  that,  as  compared  with  normal  Ivtnph  and 
^1  more  irith  blood- plasma^  this  lymph  possesses  but  a 
try  slight  tendency  towarda  coagulation,  and  deposits  only 
lelicate  HalceleU  of  fibrin  on  kMiglhened  staadiag.  Tou 
juill  shortly  leam  that  this  feeble  power  of  eosgulation  ia 
itnediately  connected  with  the  fact  that  tbe  lymph  itself 
wont  to  bo  sirikinfjfti  pmyr  in  tifmjth-rorjui^tes.  Bird  cor- 
lacles  are  also  contained  in  the  lymph  produced  in  inode- 
Ite  tfngorgcment,  bat  usually  only  in  small  quantity,  so  that 
le  transudation  is  represcntefl  by  a  jn>r/t>rtltj  dear,  thin, 
fl^'fy  JIui't.  Yet,  when  the  impediment  to  the  venous 
IX  is  severer,  it  rapidly  acqnires  a  yellow  tint,  and  a 
UncB  through  the  microscope  teaches  that  this  yellow  colour 
ends  Moli'lij  fill  Ihf  jire^cnre  nf  Qrrat   numhert  fif  ml  hlootl- 

le  quaniity  of  red  eorpuwlos  present  in  the  lymph  is 
eat  when  the  efflux  uf  venous  bloo<l  is  wholfy  prrvviitrd, 
id  microscopic  observation  of  a  part  iu  which  this  eondi- 
m  has  been  experimentally  produced  will  cousoctuently  be 
Id  bi^st  meuns  uf  deciding  how   the  red  blood-eorpusclos 
;b  (he  transudation.     Tbe   tongue  or  tbe  swimming- 
|bmae  of  the  frog  may  agaiu  bo  most  couveuionlly  re- 
to.     To  elTucl  our  purpo!;e  in  the  tongue,  the  organ, 
ccopting  the  two  lateral  )>rincipnl  nrteneSj  ia  In  bo  bound 
at  tta  rent ;  in  the  nn  imming-niembrane  it  is  generally 
lent  to  ligature  the  tiirge  feuioi*al  vein  ju$;i  before  it 
iters  the  pelvis,  or  to  apply  the  ligature  surrounding  the 
ligfa   same^vhat  more  tightly. f     All  the  phenomena  pre- 
Kously  observed  in  the  slighter  degrees  of  venous  obsiruc- 
are  aliw  developed  here,  but  much  more  rapidly  and 
lergetically.     The  retardation,  the  stasis  of  blood,  and  the 
lagging  of  all  the  reins  and  capillaries  with  blood-  corpuscles, 
imediately  become  still  more  striking  than  before;  thectr- 
}n  through  the  entire  vascular  ai-oa  regularly  assumes 

*  GoimiiiRliAD*, '  All).  UM  il.  lA-!|>t.  phjx.  In»t.,'  1S74. 
t  CoIinficiiD.  '  Vitvli.  A..'  xli,  p.  »».,  .^c  i.-^.^ 
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ftfter  a  vory  short  time  a  rhythmical  character,  bud  after 
long  period  tliere  arises  a  complete  va-«t.vunU,  becaost*,  owjci 
to  the  vigorcms  rc^fliAtanco  in  the  ToioBj  tho  colQmn  of  bt 
inipellEtd  forward  at  (?ach  cardiac  systole  recoils  a  vpaco  darini 
the  RuccfediTig  diastole.     la  tho  mcantimo  the  acoomalai 
of  b]ood-corpii9clcfi  in  the  capillaries bccomus  still  denscri 
denser  ■  alreodj  they  are  tinablo  for  want  of  room  to  maintain 
thoir  usual  position  with  their  long  axis  ia  tho  dir^    '  f: 

tho  BtrcaiD,  and  are  placed  athnart  it,  tho  lumen  oE  c . 
larj-tubo  heiag  eo  stuffed  with  them  that  thore  is  apparentl] 
no  space  for  a  ninglc  drop  of  plasma  in  their  vicitiitjr.      Ati< 
now  the  contours  of  the  individual  corpuRclon  begin  to 
loat,  thej  seem  gradnnlly  to  become  conflacut,  aud,  if 
leave  out  of  account  the  scattered  colourless  colls,  the  v< 
is  reproseotcd  a  Eow  miuutes  later   by  a  h"vivyi-nr.ou9 
cylinder,  la  which  no  trace  of  motion  ia  any  longer  observahl 

lu   this   etuto  the  vessels  oE   the  tougue  or   sn-i' 
membrano  remain   for  a  timo  auchaugcd,  as  a  nei  > 
homogeneous,  dark-red  cylinders.      Suddenly  you  see  a 
Toumtish  pTvtubi-ranc«  appear  on  Iho  external  contuur  of  a1 
capillary  ;  this  increases  gradually  before  your  eyu-s,  attaioi 
the  size  of  quarter  or  half  a  red  corpuscle,  and  then  ihrovt 
ont  latoral  processes,  likewise  roandisti,  so  that  it  comes  to 
rosomblo  a  small  mulberry.     While  the  first  proLubcranc* 
thus  goes  on  increasing  from  minute  to  minute,  exactly  simi- 
lar ones  rise  np  on  other  parts  of  the  c/ipillnry  v 
these  soon  become  so  numprous  that  after  an  hour 
there  is  hardly  a  single  capillary  in  the  whole  awimmiof 
menihi-ane  whose -coutour  is  not  beset  with  protu' 
this  kind.     Meanwhile  the  appearance  of  the  hi<' 
capillaries  is  ia  no  way  altered;  Lho  external  prDtubcTaacm. 
however,  grow  to  bo  large,  roundish,  knotted  cl" 
now  comroouoe  to  fall  aaander.     For  elliptical  riu 
grudually  Uberated  from  the  compact  aud  homogeueoua  mi 
thftf  an  7iotbing  morn  \rr  /c*«  Ihun  tijpicut  red  /i/iw  ■ 

That  simple  fJtnmion  of  the  hl"mi-caryuscU»   i 
Twscl  walls  is  actually  tbu  only  operation  coaC<  - 
entire    process  ia  irrefutabty  provwl   by  re*e»labl 
TODoos  ilow.     Though  tho  occlusion  may  hare  la»t<'d'1 
hours,  when  tho  Hgatare  is  remorod  from   tb> 
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Tomuml  void,  tbe  original  conditions  arc  after  a  short  time 

rosfcorod.     Tht>  ilisintfgration   of  the  cylinders  coromenoes 

in  elm  reins  and  gmdually  pfi3»e»  back  luto  the  capillaries ; 

one  red  corpascte  after  Another  is  set  free  from  the  appa- 

ttly  no  cohesive  honiog'eiieuus  mims,  and  the  lapse  of  a 

minutes  i»  sometitnes  sufficient  fur  the  re-estahliifhtnent 

of  the  familiar  spectacle  of  a  brisk  circqlatioo  in  channels 

'     '  '  I  appeared  to  be  solid.     Notbing'  now  rt^maiDS 

<  '        >  I  ■  :■  prt-viuus  coalescence  of  the  corpasoles  ;  iodeed 

everjFthiug-  would  be  in  (be  same  s(a(e  ns  before  the  appU- 

'  '    H  of  the  li;;ature,  were  it  not  that  Lho  protubernncos  and 

I  rialationH  uatside  tlid  capilturies  witouss  sufficiently  to 

the  processes  that  have  meanwhile  taken  place.     For  these 

■  i\{  naturally  be  iinafTccted  by  tlio  restoration  of  the 

II  J  they  aro  tho  mH-^Kes  of  red  bluod-oorpuscles  that 

liara  been  extruded  from  the  reaaels  daring  the  period  in 

which  the  reio  waa  obstructed,  and  only  such  corpuKclos  as 

were,  if  I  may  so  speak,  in  the  act  of  crossing  the  line  at  the 

moment  the  flow  was  re-established,  are  noir  in  coulaot  with 

the   blood -stream.     On  observing  the  latter,  ono  often  eccs 

Bonr  the  free  purlion,  smaller  or  larger  as  the  case  may  be, 

renuins  perfectly  at  rest,  white  thu  p«irtton  within  the  capiU 

Ury  is  incessnntly  drivt^n  against  and  lashe<l  by  the  other 

corpaiclos  as  tliey  roll  along  ;  it  thus  uc(|uirc8  a  rocking  and 

oscillating  movement,  which  mostly  continues  till  at  last  the 

iaaer  fi-ayment  is  actually  torn  away  from  the  outer. 

Accordingly,  1  hope  yon  will  not  haro  oven  a  momentary 
iloabt  as  bo  whether  »  laceration  of  the  vessel  wall  has  taken 
plaea  here  or  not,  but  will  at  once  bo  oonvinced  that  thv 
hlood-corytiacles  havf  artualhj  paa^ed  ihrouffh  the  utuiumayed 
tmll.  It  is  a  true  diapfidevie  which  we  hero  for  the  second 
meet  with,  and  this  liiue  exctnsively,  or  almost  exclu- 
■  -''--y,  of  reti  blood- cor puKcles.  I'or  should  leuoocytes  form 
a  constituent  of  the  cliimpSj  their  proportion  to  the  red 
hlood-corpusclea  is  at  any  nito  very  iritliiig.  The  seat  o£  the 
dtapcde&ia  is  itie  vapillariti^  fjunerally  ami  the  smail  eeins, 
while  in  the  larger  reiuH  and  in  the  arteriet  no  tracv  whot- 
eter  cf  such  a  procoas  is  to  he  observed. 

Thus  it  is  by  diapcdc'is  from  capilhries  and  small  veins 
u  red  blood-corpusclea  arrive  in  the  transudation  of  a 
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parti  tbe  reooiis  efflux  from  nliicli  is  extrftoely  inpe^i 
Tet  to  establish  the  facts  of  the  process  is  very  mach  caiifr" 
than   to  cxplaiu   it.     Uaving   become  ncquaiotcd,  tlirougli 
ReckiinghauseD  and  his  echolars,  vith  the  io-called  itomatA 
of  tho  ODdotliclium,  it  will  at  onco  occur  to  otir  minds  that 
dilstalioD  of  tho  lutter  duo  to  tlie  iocrease  of  iotcruni  pres^iii 
might  bo  regarded  as  the  detorminiDg  factor  here.     I  mp 
formerly  looked  upon  thiH  interprclation  as  probable, 
-J.  Arnold  has,  iu  a  eerios  of  remarkable  08fayS|  lately 
forward  in  support  of  a  similar  yiow.*     Yet  a  really  satis 
factory  explanation  moat  tako  into  account  not  nx-i   ' 
solid  constituents  of  the  trausudaciou,  but  tho  siibsiu' 
solution   ae  well.     It   cannot   bo  dispated,  howcreTf 
orifices  largo  enough  to  permit  tho  passage  of  compact  M( 
corptinclea  will  mnch  more  readily  allow  tho  esrapL*  of  li^ 
^anguinu,  platma.     Now,  the  tranitndation  of  stagnatton  ii 
an  we  ^nw,  by  no  mpans  plasma,  but  is  much  richer  in  wat 
and  poorer  in  albumen  ;  and  since,  mopcorer,  there  »not' 
least  reason  to  a«ftnme  that  the  fluid  is  snppliod  by 
other  than  those  from  which  the  corpuscles  are  set  fr 
etomata  hypothesis  fails,  in  my  opiniou,  to  explain  the  pi 
Bather,  the  circumstance  Ih&t  the  cm'tmh  of  ihe  tran*udatit» 
■in  corimsfular  eUm*-nts  may,  under  certain  condition*,  inrrriM 
while  tl't'  itubgtii}icf!.j  in  snhifion   at    thv  savtc    lime   dverva* 
clearly  iudieates  that  the  living  ciipiltary  wall  is  mnch 
enigmatical  in  its  nature  than  is  a  vinipio  physical  membru( 
But  though  tho  poverty  of  our  knowledge,  as  I  am  readi 
to  confeEs,  at  present  renders  the  detailed  explauatioa  of  th 
traneudation  of  staguation  iniposeible,  wo  etill  haTe.nbuDdai 
opportuuitieflj  by  means  of  experimeut  and  frcm  our  expt 
ence  of  diKoaac,  of  entisfying  ourselvea  of  the  truth  nf  ll 
foregoinjr  deacrijition.      On  (irmly  sppljiti^  aslron;; 
the  leg  of  a  do^  so  as  to  include  ull  the  ports  r3:>. 
femoral  nrtery,  a  perfectly  red,  wafery,  and  very  thin  ftniil 
with  hardly  any  tendency  1o  cnninilole,  hcginn  to  drop  froi 
the  cannula  previously  inlntduced  into  a  lympltatic  o(  |h 
leg ;  and  if  you  ligature  the  ear  of  a  rabbit  at  it» 
by  tightly  binding  it  round  a  cork,  again  excluding  ili 

•  Anioli',  *  Vlnh.  A.,'  Irii",  j»ji.  aoj.  ajt  i  Ixii,  pp-  I67. 48J ;  ttm,  •  X'u 
A./  IxT,  p.  384. 
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principal  arCor)%  tlio  rcstiltiiig  iiiQItrnUoii  of  the  ear  will 
tw  not  merely  isdomatouB,  hat  at  the  Kame  time  heemor- 
rlmgic  ;  besides  tho  r«l  tint  aBsntnod  by  the  tiesiies  gene- 
rally, you  obi^erre  a  muUitado  of  iinall  pnnciifortn  extraTS- 
^^btions  ia  the  external  nnd  internal  portions  of  the  akin  of 
pVi^pin.  In  pi-ecisely  the  same  way,  the  kidney  of  a  rabbit, 
f  whoRO  r.  rrnttlU  has  been  ligatured,  swells  in  a  few  honrs  to 
'  or  three  tioies  its  natural  volume]  and  is  so  permeated 

1  hoMuorrliages  that  it  displays  supei-ficially  and  on  section 

nil  almost  black*red  colour.      Lastly,  a  lobe  of  the  lung  whoso 
crent  veins  are  occluded,  becomes  niibiu  a  few  hours  tho 
of  u  really  iuteose  hvemorrhagic  iutiltralioo,  occupying 
t  ouly  the  alveolar  septa  but  the  alveoli  themselves.     That 
Tn  innu  hemorrhages  as  well  asocdcoia  uro  rapidly  produced 
by  cotu|)lctely  obstructing'  tho  venous  efflux  has  been  shown 
by  Aiispitz,*  who  used  phlebotomy  bandages  tightly  applied 
to  Lbo  foroaru) ;  and  though  post  morttin  we  generally  find 
It  trun&udution  of  stagnation  in  the  human  subject  clear 
at  most  yellowish  rcU,  and  very  rarely  bright  red,  this 
n  undunbledly  due  to  the  slow  doTolopment  of  tbo  pro- 
OS  prodacing  engorgonienl,  owing  to  which  tho  possi- 
ity  of  the  establishment  of   new  effluents  is  asaared, — a 
lint  to  which  I  shall  immediately  return. 
8nch   then   is  tho  series   of   phenomena,    which   impedi- 
nts  to  the  venous  offlux  from  a  part  of  the  body  brin^ 
iili  them,  unless  compensated   through  the  agency  of  othcr 
nons  channels.     Behind  the  obstacle,  rise  of  pressure  and 
turdatiutt    of    tho    blood-stream    make    their    appearance 
roughout  the  venous  tributaries  collectively,  extending  as 
ns    the    capillaries    which    discharge    their    blood    into 
e    constricted   vein;    as   a   result,   stagnation    and   over- 
ling with  blood,  hypersemift,  set  in.     The  arterial  supply 
not  now  cease,  even  when  the  ooclasiou  is  complete, 
t  ia  at  most  diminished  by  the  iocreaso  of  resistance,  and 
ere  ia  devoluped  in  consequeuce  au  increased  transudation 
the  capillaries  and  smallest  veins ;  this  consists  of  a 
id  poor  in  albumen  and  tibrin,  which  is  more  or  less  rich 
rrd  blood-corpusclcs  in  proportion  to  the  degree  of  venous 
islanoCf  and  varies  correspondingly  in  colour.     Hence  tha 
•  Ai»|«il*.*  Vwrt«li»hn»Iir.  f.  Vtria.  u.  Sjpb./  1874,  Heft  i. 
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pictnre  presented  hy  a  port  ia  a  coodition  oF  venous 
mtntf  or  as  it  is  also  called,  of  j'UBxxve  or  mechamrnl  hyj*ff-\ 
lemia.      It  is  rcrft/rr  than  normal,  owing  to  increased  rulnt>»*ii| 
the  vouels,  bat  the  redness,  as  compared  with  that  of  fluxioii, 
19  more  livid,  bluish,  or,  to  employ  the  tennimig  li-chmrvtA 
cyanotic.     The  darker  hoe  is  to  be  explained  tery  naluralljrl 
by  the  retardation  of  the  capillary-stream,  allowing' as  it  Uoot 
of    a  very   perfect    interchange  of   ganes  with  the  tiasuo«.j 
Moreover,  it  need  hardly  be  mentioned  that  when  the  inGt* 
tratiou  of  the  affected  part,  tho  (edema,  is  very  prunoanced, 
this  will  detract  from  the  redness.     For   the  i>ocond,  ami 
highly  characteristio^  sign  of  engorgement  is  mrelling,  whiob 
depends  on    the    aooumnlution  of    the  traosadatioo  in   (1 
meshes  of  the  tissues  of  the  affected  part,  and  which  hi 
therefore  a  markedly  dougbg  character  in  contradistinctioB 
to   the   pulsatile  resistance  of    active    congestion  ;    pittinf 
caased  by  the  finger  continnca  after  the  finger    has  bcca 
removed.     The  amount  of  swelling  depends  altogether,  aa 
wo  have  seen,  on  the  aioonnt  of  the  disproportion  betwoeB 
afflax  and  efflux  ;  thnain  the  so-called  "sinking  hyponotnia" 
there  is  practically  no  oedema  on  account  of   tho  feobteneu 
of  the  arterial  sapply,  while  an  extremity  whoso  arteries  an 
congested  and  whoso  veins  are  narrowed  may  asiame  real 
enormous  dimensions.      But  how,  or  in  what  form   the  id. 
tnvased  tranandation  shows  itself,  depends  principally  on  th< 
anatomical  arrangement  of  the  affected  part.     IE  tt  be  ORl 
the  meshes  of  whose  tissues  are  distensible,  a  character 
strongly  marked  in  the  sabcutancous  cellular  Cie^ue  u 
as  in  the  interstitial  connective  tissue  in  many  places,  lh4 
transudation  collects  in  these  menhes  in  so  far  as  it  i«  wi 
carried  away  by  the  lymphatics ;  there  arises  what  is  callc 
in    general    todema,  or,  if    confined    to    the    subcutiiQcoot 
cellular  ti»Bue,  anatnrea.     Uu  the  other  hand,  if  the  affei 
Vascular  area  borderti    on  a  free  surfat^e  tho    transadatioaj 
makes  its  appearance  here  and,  according  to  circumslanDUftJ 
either  6owb  in  an  ontword  direction  or  collects  in  -  '"- 
cavity  ;  in  tho  latter  ease  we  speak  ol/rtj;  or  farily.\ 
or  simply  hydrrjps.     This  variety  in  tho  local  disposition 
tho  transuded  fluid   has  of  conrso  no  inOnenoe  on  ita  com^ 
position  and  properties.     The  third  important  rymptom  ol 
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renons  cDfj^orgtiment,  at  least  ta  perijiheral  parts  of  the  body, 
U  miurti'TTi  itf  ienfpcrntnre.  For  the  vessels  of  a  hand,  an  ear, 
or  of  tb(3  do^'s  paw,  thu  vcooqs  efflux  from  which  is  iupeded, 
aro  BO  sitantcd  as  to  give  off  heat  continuously  outwards  ; 
bat  nwin^  to  the  difKcuIt  and  retarded  How  iu  tho  capillaries 
tho  part  is  far  from  receiving  its  normal  supply  of  tvarrathj 
and  thti  cooling  may  thns  amount  to  ns  much  as  several 
degTLT?. 

Our  disonssion  up  to  this  point  has  had  reference  solely 
to  tho  condition  of  tho  circulation  behind  tbo  abnormal 
TesifttAnco ;  but  ■what,  you  will  farther  nsk,  is  the  effect  of  a 
Jocal  hyper«niia  on  the  remaindi^r  of  the  vofcular  tftjis/cm  ? 
The  question  may  bo  readily  answered.  For  m  the  poction 
of  the  vein  beyond  the  impediment,  between  it  and  the  heart, 
the  Mireavi  rnnot  obviously  IW  retarded  and  thi-  ijuantiltf  of 
hlood  tiimiHiMheti.  The  degree  ot  this  and  the  importance 
thus  acquired  by  the  Condition  depend  on  a  variety  of  circum- 
stances, on  the  size  of  the  hypera^mic  area,  on  the  distance 
of  the  latter  from  the  heart,  and  on  whether  other  large 
TCms  ino!iculate  a  short  distance  beyond  the  obstacle  with 
the  vein  whoso  stream  is  impeded  by  the  abnormal  resistance. 
In  the  Toins  lying  immediately  vithiu  reach  of  the  saction- 
nction  of  tho  thorax,  it  is  practically  immaterial,  as  regards 
the  velocity  of  tho  blood-atrcam,  whether  a  resistance  ia 
interpolated  in  their  dintribution  or  not,  and  when  only  a 
Oinall  area  is  involved  it  will  Hcaret>ly  bo  discnvrrabla 
from  tbo  condition  of  tho  vomms  stream,  in  advance  of  this 
that  one  soorco  of  its  supply  has  been  cut  off.  Not  so, 
when  tho  blood  stagnates  in  very  largo  veins  and  cannot 
■cscapo  from  nn  extensive  area,  fn  tho  dog  you  may  com- 
pletely occlude  the  v.  cava  superiar  or  tho  cava  infeiior  below 
tho  lircr,  nnd  yet  no  change  of  pressure  is  indicated  by  a 
inanomeCer  pln<%d  in  the  carotid  ;  ncverthelei^s  on  compress- 
ing the  i-«fvi  inferior  between  the  liver  and  the  heart  yon  seo 
on  immediate  and  marked  descent  of  the  curve.  ]n  the 
rabbit  the  roominess  of  the  abdominal  vascular  system  is 
manifositrd  still  more  strikingly.  For  a  rabbit  in  which  tho 
portal  vein  is  ligatured  pcrisbcis  within  a  few  miuutee,  owing 
•imply,  as  Ludwig  long  aj'o  showed,  to  tho  rapid  occumula- 
tioa  iu  tho  portal  tribataricfi,  and  especially  in  the  vessels  of 
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Ihoiatcstiaes,  of  sach  a  qatuitity  of  blood,  tliat  the  roiuftiotog 
organs,  in  pBrticnlar  the  br&in,  no  longer  rcceiro  tho  nmoont  ^bJ 
indispensable  lo  life.  But  aJtboagh  nothmg  analogoos  oocvn  ^H 
in  this  area  in  haman  patholog}',  inasmuch  as  the  procesns 
leading  to  occiasiou  of  the  portal  rein  are  never  of  iacb 
acnte  character,  the  daQge»  of  increased  re^atJuicfi  iu  the 
large  veins  of  other  parta  are  but  too  well  known  lo  tho 
phjsiciaD.  For  it  is  nnqaestiooable  that  the  comparatire 
emptiness  of  the  Kystomic  arteries  in  man;  casee  wbere  largv 
plonritia  exadations  exist  is  attribatable  to  ibe  action  of  the 
latter  in  bcodiog  and  compressing  the  r.  cava  inferior  at  its 
point  of  eutranco  into  the  thorax. 

Yon  already  see  from  these  changes  that  the  importance  ol 
TenoDs  (engorgement  rarii's  oxtmordinarilj  in  differoat  curt. 
Vet  when  wo  have  regard  &olelv   to  the  action  of  poeaire 
hypenomia  on  the  part  of  the  body  affected  by  tt,  it  is  a 
matter  of  great  moment,  as  will  be  readily  undorstoodj  whoihec 
the  venous  efflux  is  outy  impeded  or  completely  at  a  stand- 
still, and  a  great  deal  depends  too  on  whether  the  atagnation 
is  of  long  dnration  or  only  traiiaitorr.     That  a  part  whose 
venons  efllux   is  permaotfutly  aud   completely  burri:^d  must 
perish  need  hardly  be  stated  expressly.     For  if  the  circola- 
tion  in  the  capillaries  be  reduced  to  such  an  extent  aa  we  ha*o 
ficen  it  to  be  iu  the  most  extreme  degrees  of  stagnation,  if 
conseqaently  the  blood  in  tlieso  vessels  has  almost  ceased  to  | 
bo  renewed,  metabolism  must  of  necessity  soon  be  at  an  end 
and  tlie  uflected  part  perish.     Vet  such  complete  occlusion 
of  the  reins  is  mot  with  iu  pathology  only  under  very  specinl  j 
cirounistaoces,  tf.  jf.  in  incarceration  of  a  loop  of  lutestioe  in; 
hernia  or  in  obstroctioo  uf  the  r.  ftmoralin  at  the  level  e(J 
Toupart's  ligament.     This  latter  example  is  especially  calcu- 
lated to  show  how   manifold  uro   the   oircumstanoea  iai 
enciug  the  subsoqueut  cuurse  of  events.     Not  a  fev 
ore  on  record  in  surgical  liternturo  iu  which  perfectly  healthy 
iodivjduals  have  had  the  v,  femuraVm  ligatured  at  l*unpari'aj 
ligament  on  account  of  punctured  or  of  gnnsbot  wounds  ot 
the  vessel ;    and  almoet  without  exception  ganfrgng  uf 
itij  made  its  appearance  durin'    '"     ' 
rJug  tlie  operation.      YotcasoA  i<_^  .  r  «i 

ig  contradiction  to  these  are  no  less  freqnemly  mot] 
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th.  Pieoes  of  the  vein  have  beon  excisei3  during  the 
lirpktioD  of  tumours  of  iIk*  inguinal  rogioii,  and  uccrosis 
the  leg.  that  most  unfortunate  uf  tormiuation?,  is  just  as 
ci.-iniaio[i  a  seqaela  hero  as  in  tho  oxtremoly  fre<]ucut  tbroni' 
919  of  tbe  (eujoral  vt-ia  in  this  region.  And  yet  the  cod- 
tliction  in  only  opparont.  For  only  io  tho  cases  of  the 
category  is  the  ob«traction  oE  the  veDous  efflux  really 
mplote ;  j/nivid\:il  the  dintribution  of  Ihe,  icfveUi  be  nortnat^ 
in  only  hero  tluit  occlasiooof  the  fomomi  ensues.  On  the 
bpr  hand,  many  of  tho  thrombi  are  rory  far  from  completely 
occtudiog  tho  lumun  of  tbo  vein  ;  and  oven  when  tho  throm- 
bojt  IB  a  locally  obstructive  one,  it  bos  not  been  formed 
iinddeuly,  but  requires  for  its  development  a  long  and  often 
ry  considerable  period.  The  some  consideration  applies 
iotorferunce  with  the  venous  stream  duo  to  tumours  of 
0  inguinal  region.  While  the  lumen  of  the  vessel  was 
ing  gradnally  rednccd,  whether  by  tho  thrombas  or  by 
gruwth  of  tho  tumour,  neir  effluents  from  the  nSected 
were  slowly  developing ;  small  veins  of  the  immediate 
ighbonrhood  convoying  their  blood  in  other  dlpcctiona  were 
durgoing  enlargement  and  taking  up  Bucccusively  increasing 
ntitien  of  the  blood  from  the  extremity,  so  that  finally 
'  fleteclosareof  tho  principal  vein  formed  no  consider- 
E  -  .  iii:dtmeiit  to  the  flow.  It  is  in  this  manner  that,  under 
rt^tu  circnmstances,  even  complete  compensation  can  come 
at  ;  but  should  this  fail  to  be  accomplished,  the  degree 
vuDoas  stagnation  ivill  at  any  rate  bo  so  far  diminished 
I  the  life  of  tho  part  will  he  folly  oomputible  with  it.  True, 
n  moderate  stagnation  is  accompanied  by  functional  and 
vu  derangements;  these  will^  however,  be  discussed 
ly  is  couueotiou  with  the  different  organs.  On  the  ves- 
•elBthcuiaelves  the  effect  of  engorgement  irhich  )>ersists  forn 
nsidernble  timo  is  permanent  dilatation.  Tbe  slight  amouut 
tonus  previously  present  in  the  veins  has  now  completely 
ppean-d,  and  such  of  the  venous  channels  as  have  beea 
>Dg  the  scat  of  a  passive  hyperemia  remain  dilated  even 
afti'r  the  removal  of  its  cause.  Tho  walls  of  these  dilated 
ins  are  not  always  thin  ;  for  di:itinct  Ibickeniog  uE  tho 
tima,  markedly  sclerotio  patches,  may  not  infrequently  be 
rvod  in  veins  whoso  walls  have  sustained  for  a  long  timo 
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nionii,  n  certain  pallor  of  the  skin,  often  nsROciatcd  with  & 
fimatie  tint ;  we  find,  too,  a.  cy&nolic  coluuration  of  the  in- 
'rnuJ  organs  gcnorftlly,  and  above  all,  trri^cry  fffufrumn  where- 
^vor  t)iore  is  room  for  a  transudation,  i.  e.  anasarca  as  well 
hydrops  of  tho  thorax,  abdomen,  and  other  cavities.  Nor> 
stly,  is  the  toolnes*  of  the  external  parts  abgeut  in  these 
teort-offcctions. 

But  these,  so  to  speak,  purely  uiccbaiiical  disturbances  iu 
Li]  the  organs  iirc  far  from  exhausting  the  prejudicial  effects 
nncompecEJited  cardiac  lesions  on  the  uicclianism  q£  the 
ilation.      For  a  moment's  consideration  at  once  shows 
JBt  the  quality  nod  composition  of  the  blood  must  ultimately 
jffer  more  or  less  as  the  result  of  the  cardiac  lesion.     On 
^raply  reminding^   you  that  the  flow   of    lymph  from    the 
liirfu«  thoracicua  into  the  subclnvinn  will  be  csspntinlly  iin- 
lod  by  stoHis  in  the  vonoua  .tyatem  you  will   bo  nblo  to 
judge  how  impossible  it  is  for  these  cardiac  lesions  not  to 
mfluence  the  constitution  of  the  blood.     Add  to  this,  more- 
over, the  pcrnicions  effect  of  arterial  anainiia  and  venous  on- 
?ment  on  tho  activity  of  the  digestive  apparatus  and  on 
he  intcrchanjro  of  gases  in  the  lungs  ;  constder,  further,  that 
he  function  of  the  ha^mnpoietic  organs,  hone-marrow,  spK^en, 
Ac.,   most  undoubtedly  deteriorato   in   consequenf.e  of  tho 
altered  circulfttion  through  them,  »nd  you  will  certainly  agi*eo 
with  uie  that  the  causes  induciug  morbid  alterations  iu  tho 
composition  of  the  blood  tn  cardiac  lesions  are  nnmerous 
Biioiig'h.      fW    the  establishijient  and   explanation   of  iKoao 
ileratiooB  in  detail  our  knowledge  is,  it  is  true,  iusufficient. 
it  ODO  point  at  least  has  alrtmdy  boen  placed  beyond  doubt 
^-4nd  I  shall  very  shortly  have  to  go  into  the  matter  more 
tliyroughly — namely,  that  blood  of  normal  ([uality  is  one  of 
tLe  desiderata  most  indispoosabto  to  tho  regular  action  oE  the 
irt  and  to  the  maiiitetianee  of   the  iuLogrity  of  the  vessel 
\i,  a  circauistancc  which  in  its  elTct'ts  renders  hoFirt  dia> 
one  of  the  most  painfot  affections  to  which  tho  human 
trgatiism  is  liable.* 

*  On  tho  •iibj«>ct  of  pAMire  liypcriRmia  consult  further  '  Virchfiv's  Hand* 
Wb,'  p^  138 ;  U.  O.  \Veb*r, '  Itnndbiioh,'  p.  63  ;  Uhle  und  Wngner,  p.  J55. 
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Oene»i»  of  fibrin  i«  the  bhud. — ifuin/itMonce  of  the  bl'?od  in  « 
tiqiUil  tlttli:  ficpendi:nl  on  tiw  mtetfritif  of  tim  imdoUifliun. 
— CViwe*  vf  alteration  in  tbv  wtdL-~Staniistill  nf  the  bU^ti. 

Priviarif  and  prujmyaltd,  parit:tat,  jmrlialtt/  nnd  rt/ii- 
pUitflif  obidrurlive  thr<»nb<mji. 

Embolism. — //»  condUious  iiml  seal. — Uenuriinj  •u.^}- 
iitM. — Ocrurreuce  uf  thrombi  nud  ntaboli  iri  thi  i/irf'm-nt 
ttivisiotiB  of  I  he  vascular  ti/stevt. 

Bed  and  icbilr.  Ihrombi. — Zahn's  ij-jttrimi-iit.- — i'ciiftir- 
liun  IteltccFn  thrombi  und  post'iuort^iu  coayula. 

Further  hiatunj  of  ihrombi. — Vvcjjlouration. — Orfftmiw 
lion. — Cahifcativn. — Simple  eofleninff. — Yethw  or  puri' 
form  fofU'iiing. — MicroojCfi. — Traumalie  and  tporUoHfOM 
jihlebiiis. — Enducarditia  uleerosa. — ■Putrul  aoftening. 

ifiThainrnl  i-jJlW  (f  rciuHH  ihrombturiji. —  V  '  '■  nl 
fj'cet  of  ttrti-rial  irhxtrutti/m. — KmtntUum  of  the  ia.  <  >-r. 

sup.,  tif  the  a.  iliuoa,  and  of  the  arierie*  of  the  tfy.—Sm' 
hcdixm  of  trrminal  nrtt'rieJt, — Obntr-  ' '  -i'  the  portal  vrit 
and  i)f  thv  pHltnuntiry   aftcrir«,~li  ""'J''  '"  urtvritl 

nhflruction.—Mexitaniral  ejftvi  of  fopittary  frnttftH.—Pttiiy 
pmtofMrjw.— -' '  '    '■ 

Action  if  ■  .       '  'J". — Thrt/mf>n.j}hlelnti*.—Vt:n<mB 

Jivtula. — Mtlatlatic  ftKi.~-Train/yortttlvm  of  bactoria. 

7%TiimtMv!n  with   !'•-  •!   tcoll  in'  iT  '  '     '    /./» 

ftorimcnt^ — t'crmcut    ■  ' iuh. — Ci'i_  ■  ir^ 

fn>m  tbv  contact  of  tkt  btood  uith  foreign  bodit*. 


In  Ibo  Ia«l  few  loclaroe  we  bftve  disciuwd  ttte  coodiUoot 
of  the  circalatioQ  wtieru  tlie  ruuBtanco  ou  the  part  ol  the 
vossdIb  ia  polholugicatlj   iDareasod  or  dwrauod  owiog  to 
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abnormal  altcnuions  of  t;heir  Innien.  Koir,  the  resscla  aro 
■  ly  the  channels  for  ihe  blood,  bnt  arc  slill  more 
■  J  rel.ilc(l  to  it  by  reciprocity  of  action.  W«.»  know, 
in  the  firat  place,  Rince  Briicke'a*  celebrftted  expeiimcnts, 
tli»t  it  19  nothinf^  hut  tlie  continuous  contact  with  the  Hring 
ra-^oular  wall  that  ke^ps  the  blooi}  Huid.  As  to  the  means 
whereby  the  vessel  wall  achieves  this  rejeult.  Ibis  is,  it  most 
bo  confessed,  a  question  stiU  open  fur  discussion.  True 
in  the  twenty  yeoi-s  which  have  elapsed  since  Uriicke's  expe- 
riments, oor  knowledge  of  the  chemistry  o£  coagulation  has 
become  much  more  comprehensive  and  profound,  thanks 
nboTO  all  t<>lIieadmirnblo  resoarches  of  Alexander  Schmidt.t 
We  DOW  know— «nd  Hammarsten's^  most  recent  attack  has 
notj  so  Far  na  I  ran  j>idge,  shaken  this  view — we  know,  I  say, 
thatjibrin  nrineafnun  the  union  of  ttco  Jibri n-f adorn,  fthrhtnijm 
tijid  paraijtiihulitt,  under  t fie  aetimt  of  the /rhrin-formviil ;  and 
Alfxander  Scliniidt  ban  funber  nbown  that  ibe  fibrinogen  i^ 
contained  as  such  dissolved  in  the  blood- phistna,  and  thut, 
riQ  the  other  hand,  the  whole  of  the  fibrin- ferment  and  at 
lenat  tho  greater  pnrt  of  the  paruglobulin  do  not  exist  free  in 
10  liqwr  $nntjuini«  bnt  arc  derived  from  tho  eolourhtin  hhful' 
)\udet.  Ouly  by  tho  disintegration  of  the  latter,so  Schmidt 
>,  is  tho  paraf^lobnlin,  and,  still  more  importnnt,  tlio 
-ferment  set  free  and  their  action  on  the  liht-iuogen  made 
lible ;  so  looff,  therefore,  as  the  colunrless  corpuscles  cir- 
ilate  uDiujnrcd  in  tho  blood,  coagnlatioii  cannot  be  set  up. 
Locordiog  to  this  doctrine,  which,  as  yoa  will  shortly  hear, 
ids  its  strongest  corroboration  in  pathology,  the  power  of 
preventing  coagulation  possessed  by  the  living  vessel  wall 
Icpends  chiefly  on  its  faculty  of  restrnining  the  disintegra- 
>n  to  which  very  many  of  the  colourless  blood -cori^nsclcs 
ipidly  succumb  after  the  blood  has  escaped  from  the  vessels. 
ita  does  nut  of  ooDrse  imply  that  no  colourless  eorpuaolcH 
Bftab  during  life,  and  that  normally  no  free  fibrin-ferment 

•  Bruci«, '  Vtrcli.  A.,'  xii.  VP-  ^i,  1 7  J. 

t  AUt-  9«I)ini4t.  'Ar.Ii.  f.  A&itt  uitd  Phtiiiol..'   iS6t,  y.   f^^;   1867, 

43S,  533:  *rflui:.  Ar.'W  vi.  i».  +13:  ix,  p.  3.-,3  i  xi.  pp.  191.  gisj 

[>•  93<  14^!  '  1^1*  I^hrv  von  den  frrineiitnt'.vca  GfirinnuiigsinKlitfii. 

,  &e.'  riorjwt,  1877. 

),  1I*taniiiiit<n.  *  Koi*.  artu  Vtv^^  tar.  srisiit.  Cpn! ,'  wt.  iji,  to\  z,  1 ) 

i'flSg  A  ,'  it»,  p.  311. 
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reociiOR  in  this  way  tlic  cii-ciilnting  blood.  Ou  Uiu  contrary^ 
it  lias  been  nctaally  demonstrated  by  Birk*  id  A.  Sclunidt'fe^ 
Inboratory  llint  frco  fibrm-fcrmcnt  is  at-  all  times  present  tn 
tbD  ciroulatinf^  blood,  tboo^h  it  is  truo  in  quantities  coDstaaUr 
vnryinf?  nccordinff  to  the  intensity  of  the  inftacncea  delete- 
rious to  the  colourless  corpuscles,  whAtovor  these  may  bp. 
The  fact  that,  in  spitQ  of  thifl^  cooffalatioo  docs  nut  ordinarily 
take  placo  tn  the  blood  is  explained  by  the  pon-er  inJicrenti 
ia  tbo  livinj^  veaftel  wall  of  destroying  or  rendering  non- 
effectirc  itmall  qoantitieit  of  fibrin-ferment,  a  power  which, 
as  3'on  will  loam  eoon,  reachen  its  limits  only  when  a  tartft 
tfuantHif  is  introdnccd  at  once  into  iho  blood  or  is  pro- 
duced thero.  You  will  not,  of  course,  be  misled  into  lap- 
posing-  that  the  question — wherein  this  capacity  of  the  Te»(l 
wall  consists,  has  been  solrcd  by  these  highly  important 
facts ;  rather  the  patting  of  the  question  has  gained  in  pre- 
cision. 

Bat  however  enigmatical  this  capacity  of  tbo  vesM)!  wall 
in  its  essential  oaturo  is,  tlioro  can  be  no  doubt  that  it  is  bonod 
np  with  the  yhyinological  intfijrittj  of  the  wall.  Tho  wall  is, 
liowevcr,  a  really  complicated  apparatus,  and  wo  may  thcra- 
foro  profitably  inquire,  in  which  of  tta  parts  does  the  Bpndfio 
faculty  reside  ?  This  has  not,  so  far  as  I  see,  been  up  to 
tho  presout  strictly  proved.  Tet  when  wo  contiidur  that  th« 
blood  coatinues  tluul  iu  very  small  arteries  and  veins  which 
possess  neither  ndventiiia  nor  media,  that  the  B&me  ia  tne 
of  the  Capillaries,  which  in  their  histological  structure  ai* 
exact  cqutvalents  of  the  endotheliom  of  the  larger  TeaneU, 
the  notion  must  inToluntarily  force  itself  opon  us  that  i|  ti 
the  last,  the  evilothellum,  which  prevetits  the  coagnlatton  of ' 
the  blood.  From  this  it  follows  directly  that  the  bltnid  will 
remain  fluid  in  the  veasols  «*  h*i<f  as  the  enAothrlinm  V#  intact 
<tnd  jKrform*  its  fund ivns  nvrr'mUif  ;  and  it  ia  forthiii  rcoaOa 
that  even  in  vessels  whose  media  baa  undergone  calciftcnttOU , 
or  amyloid  degeneration,  or  whoso  iutinia  is  in  a  condition 
of  fatty  degeuc-nitioii  or  of  »(cIerosi»,  no  coagulatiou  tvkuIU, 
provided  tho  diseased  portions  of  the  wall  are  covered  by 
normal  endothelium.     I  do  not  dtmy  that  it  may  appear  at 

*  Bbk,  'Du  Fil)riaf«rmeat  im  IfbcadM  0l6*aIi(Bu«-*  I— P-  tXt^at.^ 

]88o. 
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first  tight  atcKago  to  credit  au  apparently  inautiro,  I  miglit 
lDio»t  say  liffless,  substaora  liku  this  littlo  menibmne  of 
)mp(otol}'  HniteDcd  colls  with  a  fuDction  no  imporNmt ;  but 
thui  only  shows  aj^in  how  cautious  one  must  be  in  drawing 
conclnfiions  based  on  impresaions  that  Imvc  been  derivcfl  from 
morphological  characters  alone.  Moreover^  whoorcr  caW* 
la  niind  Leber's*  beautiful  oxperimonts,  according  to  which 
tbo  undatheliuni  of  Dcscomet'a  rocml>rano  alone  provcnt«  tho 
[O  of  tht!  hunioT  aqiii'tix  t)irou{u;b  thit  cornea,  will  no 
Igor  feel  that  tho  importance  ascribed  to  the  endothclicmi 
our  (Lismnption  is  exorbitftnt. 

But  if  thin  onr  view  be  correct;  if,  in  order  that  ihv 
blood  shall  renmin  fluid,  it  must  everywhere  come  into  con- 
tact with  an  uninjured  endochetium  performing  its  functiouK 
normally,  it  logicnlly  follo^Ts  from  this  that  coagulation  will 
take  place  whuueror  aad  wherever  these  conditions  are  not 
fulUlloU.  It  is  by  no  means  QDcooimoti  in  pathology  for  the 
^lood  to  impinge  apoa  parts  of  the  vessel  wall  from  which 
to  viidotheliuui  is  absent  or  whore  it  is  performing  its  fuuc- 
jou  irregul&rlyi  or  to  come  in  contact  with  something  else 
than  the  endotheliuni.  Kero  belong  all  foreign  budieu  that 
hare  penetrated  tbo  heart  or  vessels^  as  needles,  threads, 
Bbinucdcci,  dislflniaiA;  tumoura  that  have  broken  through 
10  vessel  wall  anil  so  project  into  the  lumen  ;  and  lastly 
that  most  frcqnently  occurring  and  conse^jiientlj  roost  im- 
)rtant  condition,  nn  already  existing  hlood'clot.  The  cir- 
ilating  btqod  comes  into  contact  with  a  clot  of  this  kind 
lerover  a  thrombus  has  from  some  cause  or  other  been 
rovionsly  formed.  In  the  fiocond  place,  however,  it  is 
kiolly  the  contact  with  a  blood-clot  that  brings  about 
>ntaoeoa«  closure  of  a|l  solutions  of  continuity  of  tho 
wall.  From  the  aporturo  in  the  wall  the  blood  is  first 
all  effascd  into  the  surrounding  tissues  ;  here  it  necessarily 
ignlate8,so  that  the  blood  rircuhiling  at  the  wound  comes 
\Xo  contact  with  the  e^lernnl  coaguhiw,  and  there  arises  at 
kit  phico  of  contact  a  frei^h  cungulutiou  which  sooner  or  later 
[•ludes  the  opening.  Itot  the  thrombosia  following  ligatnrc^ 
liofa  one  might  be  tempted  to  regard  as  the  direct  contrary  of 
dlud  fruMific^rV  thrumboBii^,  depends  ultimately  on  tlie 
*  iffbcr,  'Arch.  i.  Opbtlialin.,'  xii,  p.  87. 


176 


THKOSfBOSIB   AKO   KMIlftT.r,*W. 


contigaily  o[  tbu  blond   to   Bometliin}^  aboonDsI,  Kincu  iTiul 
intima  is  either  riiptiircil1>ytlio  )tgnlnre,aui)  tlioucnimpl»>H  up^ 
or  its  tif'SnuniuI  <;n(l(it)ii')ial  cnvertri^  urc  liruisptl  utii]  inorlifjrJ 
"TbiB  brtuge  as  iinmedialply  to  otlier processes  producing  coapj- 
latton  by  kilting  tlio  iiitlma  nnd  oiidothcltiim,  with  siibRirqnimtj 
shedding  and    ri>inuval  uf    the  lattrr  ;    such    arc   ufrrfixu  orl 
gangrene  of  a  vessel  passing  through  a  ^iigrtrtiouH  rrgToa,; 
the  Hp]>lical ion  of  chpmical  substances  which  by  their  '^(rn*-| 
«rf  action   kill   the  vessel   wall ;   such  are  further  rj-trt-m*^] 
v/tempMrnhtrr,  heat  and  cold^  and  (ttying  of  vosaeli  That  may] 
chance  lo  be  exposed  to  the  air  for  some  time.      But  a  ilill 
more  iinporiont  part   ia   played   in  pathology  by    the   lrt»» 
injtammntory  and  uUi-rativ^i  jfrore»t>f)i in  the  walU  nf  the  vemeU:\ 
in  oonsefioence  of  thorn  the  endotheh'um,  etlher  alone  or  to- 
gether with  the  intima,  is  sepamtcd  and  necrosed,  as  is  seen! 
in  the  arteries  in  athrromato\UMlreT.tt\n  the  veins  in  pAff&if^,l 
•nd  iu  the  heart  in  cndncnrilUiM  vnlvuloria,  in   the  conrso  #'f1 
nil  of  which  congulstion  of  the  blood  is  a  complication  ntlf  ndi'di 
by  the  sererest  cooseqaences.     Further,  Ponfick*  ha*  lately 
shon'D  that,  in  certain  severe  Infective  diseases,  1  .am- 

bers of  the  eudolhetial  elemeuts  of  the  vessela  oii  .  iity' 

degeneration  and  are  shed,  nud  it  is  possible  therofortt  that 
such  desquamated  patches  may,  owing  to  imperfect  re^MV'] 
ration  uf  (he  oDdoilielium,  give  rise  to  cooguhilron. 

lu  addition  to  the  foregoing  fnclors  there  is  yet  anothrr] 
nhichf  by  rcnsou  of  its  extreme  frequency,  assumes  a  pre-] 
dominant  imjiurtauce  for  ihc  eniin*  (jutHtiun,  ttauiuly,  thirl 
effect  of  rrtaritalitm  or  Htandslitl  of  the  hhnd-ntrntm  on  tl 
nutrition  uf  the  vi'ntiel  walls.  That  retardation  ■  i"  '  '••B-t 
latiou  plays  a  considerable  part  in  coagulation  w  i  .  j  bjrj 

Virchuw,  the  crealop  of  the  doctrine  of  throtnboisis 
embolism,  in  his  enrtipsl  pioneer  invcstignlion'- 
bosis,  uudj  ftiDowing  hiit  lead,  it  for  a  long  time  \- 
■axiom  that  the  resficl  wall  provenfcs  coagnlation  only  «1 
the  contact  of  the  blood  with  it  is  constanlly  rcnetred,  fir,  i[ 
other  word*,  only  when  tho  blood  is  in  motion.  A  vibw  of 
this  kind  was  indeed  rendered  all  the  more  possible,  ss  H 
Kccmed  to  be  supported  not  i        '    "  ■ '    " 

oscpcricDCe,  but  iilfto   by  oxi- 

*  Punllult,  •  VircK  *./  \t,  p.  T53. 
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nvWjit  a  largo  vessel  is  Hgntnrod  in  two  places  Bomewhat 
renioTcd  tlio  one  from  tho  otbcr,  tho  column  of  sUgnaut 
blood  inclndotl  by  the  ligatures  is  soon  found  to  havocoo^a- 
Intod.  Yet  auvono  who  repeats  this  Bimplc  experiment  oUod, 
ennnot  fail  to  obnervo  how  dissimilar  its  course  frequently  is; 
the  mora  perfectly  tho  vessel  is  isolated  from  tho  surrounding 
tiisncB,  and  tho  more  energetic  tho  torsion  with  forceps  and 
ligatQre,  so  mnch  tho  more  certainly  and,  in  particuUr,  rapidly 
doefl  coagulation  set  in  ;  while  if  the  manipalntion  bo  as  gentle 
and  cnntioDS  as  possible  it  may  easily  happen  that  coagulation 
will  hardly  hare  begon  by  tho  commencement  of  the  follow- 
ing day.  Moreover,  Baumgarten*  has  lately  pointed  out  that 
when  the  double  ligature  is  applied  under  antiseptic  prccau- 
lioM  and  the  wound  heals  aseptically  the  included  blood* 
coloma  remains  floid  after  the  lapse  of  weeks  and  months,  and 
indeed,  may  nevtr  evaguiate.  Tbese  interesting  facts,  which 
Senftlebent  was  able  fully  to  confirm  in  my  institute  at  Bres- 
lau,  unquestionably  show  that  mere  standstill  of  the  blood  is 
iuitufficient  to  bring  aboat  coagulation,  and  if  the  application 
of  the  double  ligature  without  antiseptic  precautious  resulted 
regularly  in  the  coagulation  of  the  confined  blood,  clearly 
some  additional  agency  must  be  engaged  in  producing  by  its 
co-opemtion  this  constant  efTect.  This  agency,  as  I  have 
already  pointed  out,  is  tho  pernicioas  iufluonco  of  stagnation 
RQ  the  nutrition  of  the  vessel  wall.  When  a  vein  or  on  artery 
isolated  from  its  sarronndings  and  doubly  ligatured,  the 
sulation  in  its  voAa  vaaorum  must  altogether  cease,  and  the 
»]  wall  after  a  time  inevitably  perish.  It  is  this  that  is 
immediate  cause  of  the  coagulation,  which  fails  to  set  in 
»r  antiiicptic  treatment  only  because  the  death  of  the  vessel 
wall  is  thereby  deferred  so  long  that  new  nutritive  conditions 
ivebeen  established  from  withont,io  particular  by  the  fonno- 
)n  of  new  veipels. 

Vfe  shall  henceforth,  on  the  strength  of  these  experimental 

suits,  refuse  to  recognise  a  pure  thrombosis  of  stagnation 

human  pathology,  though  we  shall  adhere  to  the  view  that 

idstill  of  the  blood  is  a  cause,  though  an  indirect  one,  of 

*  Biunig)irt«it, '  Di«  tog-  OrgftnSntion  its  Thtxtmhnt,'  Leipsig,  iS;;. 
t  8»aftWwn. '  Virch.  A.,*  Ixxrli,  p.  4JI. 

H 


iB 


m 


178 


thuoudosis  and  bubolibu. 


ooBgolBtton.  On  cntltnc;  to  mind  the  caases  of  reUnlatloa 
of  the  6ow  yoD  will  at  once  bo  able  to  jadgo  a&der  what 
circnmstancci)  a  standstill  of  thocirculutton  in  the  tcsmIs  can 
oconr  during  life.  It  is  far  from  noccftsary,  pspecialty  in  tbo 
Toins,  that  the  lamen  shoald  bo  fwmpletclrobliicrattid  bsfoni 
the  blood  can  come  to  a  stsndstill ;  staf^n&lion  and  ob- 
Btrnctton  to  tlio  efllax  alone  BufBoe  to  briog  abont  corapleto 
BtnsiSj  at  least  in  Ihp.  poc.keiJt  of  Ike  veruma  ra/rcuf.  Theeo 
hare  a  tendency  to  flap  together,  owing  to  the  internal  prr»- 
aare  duo  to  the  redstance ;  the  stream  still  continning  opposes 
this  tendency,  bat  is  too  feeble  to  force  the  TaWea  bftok 
againnt  cbo  wall,  so  that  the  blood  will  very  shortly  stagnale 
iu  the  valvalar  sinnsee.  The  name  thing  will  occarf  it  t* 
obvioDA,  in  the  transverse  connecting  veins  of  a  atagnanb 
area,  even  when  thoao  are  valveless.  And  it  will  be  eap«oi- 
ally  liable  to  take  place  in  the  ralreless  veins  when  the 
capillary  area  from  which  they  derive  their  blood  ia  tbo  •nat 
of  considerable  resistance^  oa,  (or  example,  when  the  c*pil- 
larice  are  compressed ;  that  an  increase  iu  the  venoos  tensioQ 
will  favour  the  stagnation  is  apparent.  Bat  iu  all  these  cam* 
the  standstill  will  be  tsta.\  to  the  nutrition  of  the  vessel  walls 
in  proportion,  on  the  one  hand,  to  tho  extent  of  tho  affOftrd 
Tonous  area,  and,  on  tho  other  hand,  to  tho  dcfoctiTenea  of 
the  arterial  circulation,  for  it  is  under  these  circnmstaaoM 
that  tho  flow  in  the  rasa  casoruM  will  suffer  most  severely. 
This  holds  good  above  all  of  the  extremely  common  gtmorol 
reduction  of  tho  velocity  of  tho  blood-stream  aa  tho  result  of 
thfl  action  of  one  of  the  factors  hurtful  to  the  hearths  work^ 
e.  g.  feebleness  of  the  organ  itself.  Here  it  is  tho  veins  that 
are  specially  involved,  and  it  is  in  this  condition  that  the 
TenoQA  valves  prove  so  effective  in  inducing  standstill.  Also 
there  are  parts  of  the  cavities  of  tho  heart  itself  which  nn» 
imperfectly  emptied  if  the  otrculation  is  feehle,and  to  which 
oonse<|uentIy  fresh  blood  fails  to  be  supplied  during  every 
diastole.  These  arc  the  auricular  appcndiees  and  tho  Tt~ 
ft*«e»  between  thr  traheoilte  <amem  of  the  ventrioles  ;  sin09» 
however,  the  motive  force  developed  by  tho  right  heart  is  in 
itself  much  slijrhter  than  that  developed  by  the  loftj  it  is 
easy  to  understand  that  stagnation  of  the  blood  occur*  mora 
frequently  on  the  right  aide.     Now  because  in  obms  of  ihi 
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category  the  narlioxt  dots  wore   foDnd  with   the   greatest 
regularity  iu  the  aboTe*mentioDed  situations  prccisoly — the 
venoDS  valves,  the  recesses  of  the  Twntriciesj  and  the  auri- 
colar  appoDilices — and  unaccompanied  by  any  further  obson- 
sblo  morbid  change  in  the  aEFected  localities,  it  was  sapposod 
that  this  so-called  marnntSc  thrombosis  of  Virchow  afTurdod 
e  best  proof  that  the  standstill  of  the  blood  alone  suffices 
to   briu^  about  its  coagulation  within  the  vessels.      Naver- 
theleaa  the  apparent  integrity  of  these  regions  is  delusive. 
On  careful  mioroBcoptu  oxaminatiou  it  is  always  possible  to 
convince  oneself  that  the  endothelium  is  nbscut  or  more  or 
1ms  defective  at  the  ectU  of  thromhoma.     Such  defoctJi  are  to 
be  fonnd  in  the  venous  sinuses  as  woU  as  in  the  heart,  and 
in  the  latter  not  merely  corresponding  to  myitrarditif  tn/fo- 
flfioTUt  (which  when  specially  extensive  lay  the  foundation 
f  fardiae  aneuryitma)  but  in  the  oft-mentioned  recesses,  the 
tug  in   other   respects  normal,  or  at  most  fattily 
d  or  dilated.     To  disoovor  how  these  endothelial 
ef«cts  are  conditioned   in   individual  cases   is  difficult  or 
imposaible,  yet  their  extensive  distribution  and  special  locali- 
sation appear  to  justify  the  view  which  sees  iu  tbeuau  effect 
or  a  sign  of  defective  nourishment  of  the  cardiac  or  vessel 
wall.     The  loss  of  the  endothelium  may,  it  is  true,  bo  ucca- 
nonoUy  due  to  special  muro  localised  causes,  r.  fj.  in  the  heart 
to  diKase  of  isolated  branches  of   the  coronaries,  or  iu  a 
vetnel  to  eomprejutitm  by  a  tumour  or  the  like.     The  undo- 
(lielial  defects  invariably  present  iu  aneuryums  and  tuirvxn 
in  which  thrombi  have  formed  are  also,  if  not  a  constituent 
phenomenon,  at  any  rule  a  direct  cousequcncc  of  the  vas- 
cular lesion  on  which  the  dilatation  of  the  affected  portion 
'depends.      From  all  which  it  follows,  that  in  the  marantic 
thrombosis  as  well  as  iu  the  throiuboees  of  compression  and 
liUtatioo,  in  short  in  all  varieties  of  thrombosis  of  stagna- 
ioD,  the  defective  action  of  the  vascular  endothelium  is  tho 
intrinsic  cause  of  the  coagulation  ;  thus  in  tho  coses  adduced, 
coagulation  of  the  blood  occurring  during  life  in  the  interior 
of  the  vessels  may  invariably  be  referred  to  tho  same  factor. 
That  ri^tardation  of  the  blood-stream  and  still  more  stand* 
.fltiH  of  the  circulation  at  the  same  time  favours  the  occorrence 
of  coagnlation  cannot  of  course  be  denied  ;  yet  this  goes  for 
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nothin(;f  in  the  absence  of  sacK  eonditioDS  as  &r«  actoiUtjr  in 
a  positiou  to  prodnoe  ooagalation ;  where  no  snch  arc  pre- 
sent,  a  tbroml^osis  of  atagnntion  cannot  occur. 

"Where,  howeverj  one  or>  better,  several  of  llie  factors  jast 
discnssecl  are  present,  the  btnod  passes  from  the  fluid  into 
the  solid  state,  it  coagnlales,  u  (hmmhi'inH  occurs.  FoUow- 
tng  Vircbow's  exarople,  this  term  is  applied  oalj  to  coaj/a^- 
/iW  taking  place  durvifj  life  trithtn  thtt  vHHseh,  while  the 
producta  of  p('*f-fflori<?rK  coagulation  are  called  mm  ply  "  rr;- 
itffula  "  or  "  clots."  The  thrombi  may  be  advaDtagoonaly 
disttD^ished  as  primartj  or  aulochthoumiv,  ori|;itinting&(  tlie 
spot  where  the  causes  producing  coagulation  act,  and  aapro- 
pagated,  depending  on  the  deposition  of  freah  material  on 
the  original  clot ;  the  first  variety  in  wont  to  be  cooxtenitive 
with  the  r-ause  at  work,  p.  g.  the  alteration  in  the  wall,  whilu 
the  propagated  thrombns  has  no  snch  limits. 

Tho  thrombu!),  just  as  does  a  fibrinons  coagnlam  in  blnn>l 
withdrawn  from  the  voinj  attaches  itself  to  whatever  koltd 
snbftance  lies  nearest ;  this  will  as  a  rule  be  the  pnH  <if  ths 
vessel  Kail  where  it  oriorinates,  oiccpt  when  throml>  nd 

a  foreign  body  is  in  question.  Hence  the  thrombLi  :;.,-_,  bo 
de«iguat«d  partttal  or  valvular  as  the  (MM  may  be,  a  t«rraiD<>- 
logy  which  of  coarse  ia  rational  only  so  lonp  a»  the  thrombox 
doea  not  fill  out  the  lumen  of  a  vesaelj  but  simply  adhere* 
to  the  wall  or  valvea,  while  a  perrioua  channel  atill  remaiDt 
for  the  blood.  Bat  an  antochthoaoua  thrombus  iucreaaM 
sooner  or  later  owing  to  the  power  it  posscasea  of  exciting 
coagulation  which  has  lo  often  been  dwelt  on.  Tho  growth 
ia  efToctod  by  tho  depoaition  of  one  layer  of  clot  after  another, 
and  thus  the  thrombus  that  was  at  first  fartially  uMruriitr 
becomes  after  a  time  a  tolallj/  obstruclitr  one.  But  not 
merely  is  the  lumen  of  the  vessel  compli'toly  fi!le<]  oni  at 
the  part  in  qnestion,  but  the  propagated  thrombus  tncretasci 
in  an  axial  direction  aUoj  and  weald  finally  bring  about 
clotting  of  the  entire  masa  of  blood  were  it  not  that  the 
power  of  preventing  coogolation  residtog  in  the  normal  vesael 
wall  sooner  or  later  gaina  the  upper  hand.  It  wiD  be 
readily  nnderatoo*!  that  in  tho  venous  system,  where  frery- 
ling  ia  in  itself  more  favorable  lo  the  coagulation  of  tim 
lllood,  pro]>agated  thrombi  nsa&Dy  extend  moch  farilior  tbau 
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in  ihc  Kiteries.  Under  faTorablo  circumstances^  v,  g.  in 
pfttieuU  with  lowered  cardiftc  energy  wbo  Iiavo  long  been 
confined  to  bed,  one  oft«u  meets  willi  tlirombi  oontiuited 
from  tbe  ankles  throngli  tbe  reins  of  the  leg  and  thigb  into 
tbe  ilijic  veiiu  and  fvcn  the  v.  cava  tn/ertor ;  though  it  is 
true  that  iu  thestt  caries  the  various  ralvcs  may  liare  afforded 
more  starling* points  than  one  for  the  tbiximboeis.  On 
diviaion  or  li^raturo  of  au  arlerv  tho  thrombus  usually  extends 
to  the  c».>Uuiurul  cUunDi-l  imuicdialuly  abuve  it,  but  it  may 
grow  into  tho  Ialt«r  or  may  asuuud  iu  theligatartid  vessel  to 
a  level  far  abovu  ikit) ;  thu  p4.>ripheral  ex.tn>inity  lying  in 
frout  of  the  ligature  i»  as  a  rule  empty  and  cuUapbcd  as  far  as 
the  next.  lateral  brauch.  On  the  other  hand,  when  a  vein  ia 
ligatured  the  propagated  tlirotnbosia  is  UHually  established  in 
bucli  diruuLiona,  by  preference,  however,  in  the  direction  of 
the  blix>d -stream,  i.  e,  toward  the  heart.  That  tbe  primary 
tbrumbi  of  the  cardiac  valves,  ventricular  recL-sses,  and  auri- 
calur  appendices,  can  also  undergo  cunsiderable  enlargement 
by  the  deposit  of  new  layers  of  clot,  and  may  tfaus  project 
w  polypoid  masses  far  into  the  cardiac  cavities,  nood  hardly 
be  ataied  expressly. 

Now,  if  you  should  como  across  a  thrombas  in  any  part 
nf  the  vascular  system  and  desire  to  account  for  its  origin, 
tho  indication  is  evidently  :  always  find  ont  tho  cause  of  the 
auluchihomnui  thrombus.  If  tbo  relations  just  explained  be 
'*  1  mind  yon  will  in  very  many  cases  readily  succeed 

.--..Jiifibing  the  seat  of  tho  primary  thrombosis,  whether 
H  be  a  venous  valve,  a  foreign  body,  or  a  tumour,  a  solution 
of  continuity,  or  an  ulcerated  spot  in  tbe  wall  of  the  vessel 
in  <{UGstiua.  Yet  there  alwaya  remains  a  considerable  uum- 
btir  of  cases  where  yon  meet  with  plugs,  mostly  short  and  of 
tbe  obstructive  variety,  iu  places  which  tteemingly  do  not 
preaent  anything  that  might  induce  thrombosis,  in  perfectly 
wnooth-walled  arteries,  for  example,  which  are  thentselvea 
branoboa  belonging  w  a  perfectly  free  and  pervious  vascular 
an»  and  ar«  surniundcd  by  (|uite  hoakhy  tissue.  Uow  are 
tfaosD  plugs  to  bo  explained  ?  They  havo  not  really  originated 
in  the  position  they  now  occupy,  nor  aro  they  iu  contiunity 
with  a  primary  thrombus  seated  elsewhere;  thej/  arc  derived 
jrum  ifoma  uUter  pirrtum  oj'Uie  VftACulnr  iry^tem  from  lehich  tketf 
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have  been  forcibly  removed  and  transported  by  tka  htood-ttnam 
io  tk«  locality  now  Ofrupied  by  thi^m.  Sacli  plugs  aro  Accord- 
ingly called  emboli,  as  proposed  by  Vircliow,  and  thy  entira 
proooBS  by  which  solid  pariiclDS  are  transported  by  the  oir- 
dilating  blood  is  n&med,  embttti^nn. 

Vircbow  has  showu,  in  a  c«lebrnt«d  soriesofexpcrinionU, 
that  the  blood'stream  can  actually  carry  off  with  it  BoUd 
bodies,  evon  when  these  are  large  atid  com  para  iivoly  heavy, 
snob  as  bits  of  muscle,  fibrinous  coagula,  india-rubber  and  eireo 
qniokmlTer,  and  has  thns  pnt  it  beyond  donbt  that  thrombi, 
to  Bay  nothing  of  substances  spccificiilly  ligfacer,  kucK  as  fiat- 
drops,  colonies  of  bacteriu.  Sic,  aro  transportable.  Bodies  of 
this  kind  do  not  rennain  6xed  in  the  heart  dorin^  transport 
though  now  and  a^ain  thoy  may  he  temporarily  reiained 
between  the  ehordie  tendini^se;  in  fact  not  a  singlo  symptoiB 
UEvks  the  moment  of  their  psaEago  through  the  organ.  Now, 
fragments  of  a  thrombus  mity  bo  cmmbled  off  and  hnrried 
sway  by  the  blood-stream,  either  from  the  heart,  wbetbor 
they  be  seated  on  the  volree,  in  the  anrioular  appendices^ 
or  in  the  recesses  or  the  apex  of  the  rontricle  ;  or  from  tlie 
arteries,  whether  the  thrombi  form  part  of  the  contents  of  an 
aneuryem  or  the  coating  of  an  athenmiatoas  ulcer  ;  or,  laatly, , 
and  iiiosE  frequently  of  all,  from  the  renoa<4  nystem.  In  the' 
heart  and  arteries  the  detachment  of  portions  of  the  thrombi 
is  most  readily  effected  when  the  growth  into  the  cardiac 
cavity  or  vascular  lomen  by  secondary  deposit  1ms  been  000- 
sideruble,  while  in  the  yeins  t^o  detennioing  factor  is  as  a 
role  the  relative  positions  of  the  propagated  thrombus  and 
thanearvst  pervious  collateral.  When  the  propagated  thrura> 
bos  grows  from  the  uccliidud  vessel  into  a  large  open  vein, 
or  when,  on  the  other  band,  the  propagated  Ihromboa  in  a  I 
large  Teiu  extends  beyond  the  point  of  inosculation  of  a  free 
lateral  branch  through  which  blood  still  cirenlates,  the  pro- 
jecting point  of  the  thrombus  can,  as  might  be  antioipatod,! 
be  torn  away  with  the  greatest  case,  especially  when  iU  oon- 
aiaienoo  ond  cofaosioa  have  been  diminished  us  the  rosalt , 
of  Boftcniug — a  matter  wo  shall  have  to  discou  presmtly. 
It  is  obviuuH  that  largo  as  well  us  small  fragmonu  may  bo 
Kmi  off,  the  largest  from  thrombi  formed  io  aneoryams,  the. 
aoricnlar  appendices^  oc  in  very  large  veins.      Bat  the  localityj 
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to  which  the  detached  thrombi  org  traasportod  is  deiermiaed 

by  uiatomical  conditions  alone.     Coa^ula  from  the  venous 

side  of  tho  voscolsr  sjntem,  «.  e.  from  ihe  veins  and  the  ri^fat 

boart,  arriro  in  the  pulwonary  arteriea  ;  those  from  the  arte- 

rial  side^  i'.  e.  from  tho  left  heart,  the  systemio  arteries,  and 

the  polmonary  Tetoa  are  conveyed   into  the  aortic  Hyuiifmi 

while  those   from   the  portal  tributaries  roach   the   branchea 

</  (Afl  portal  vein  in  the  interior  of  the  liver.      Not  only  are 

tlieae  general  fundamental  rules  of  transport  throughout  the 

▼aaoalar  syBtem  prescribed  by  anatomical  stmctnre,  bnt  the 

■pecial   paths  witfiin   any  given  portion  of  the   circulatory 

ittism  are  also  ao  proscribed.     The  cause  dotormining 

le  eotranca  of  the  embolua  into  one  artery  rather  than 

>thi?r  can,  at  least  in  the  oaae  of  larger  plugs,  bo  as  a  rule 

ifaotori}y  determined,  and  is  to  ho  sought  in  thodirootion 

of  the  emboliced  vessel  with  rospeot  to  tlio  princiftal  trunk, 

*'.  1.  in  the  angle  at  which  it  is  given  off,  or  in  the  rolotivo 

calibre  of  the  varioufi  Utcral  branches,  or  in  somo  similar 

eiroumstance.      Whero  tho  transport  of  the  cmboluj  appoan 

to  take  place  in  opposition  to  anatomical  laws,  tliura  are 

UBoally,  as  though  to  prove  the  rule,  uaoiualitM  in  tho  dia- 

tnbution  of  the  vessels  or  in  tho  heart.     Thus  I  luU  quite 

lately  an  opportunity  of  observing  a  case  of  roe«nt  fatal  t»m- 

boliiim  of  one  of  tbo  mid.  cerobrala  in  a  woman  thirty'Uvo 

yoars  of  age,  whero  the  valves  of  the  heart,  aorta  aaconduni, 

in  short  all  the  arteriua  from  which  an  embolus  migbt  haro 

^^Kwn  conveyed,   woro  absolutely  intact,  wlitlu  on   the  othvr 

Hkand  an  extensive  IhrombosiB  had  occarrod  in  tho  voiuM  of 

^Hke  lower  extremity.     I  had  not,  i%k  you  luay  suppose,  ut  lint 

^Wie  remotest  idea  of  connecting  tlie  two  condtiioui,  till  ou 

moro  carefally  inspecting  tho  heart,  1  discovered  m/'jrnmiin 

Bpro/e  HO  large  that  I  could  easily  paaa  thrau  flngem  thr«iugh 

^n.      i  could  not  any  longer  reject  tho  poaaibility  that  h»f«  a 

thrombus  oarricd  off  from  the  v.  feinuralis  had  on  tla  way 

tbrongh  tho  heart  passed  from  the  right  into  tho  loftauriolD 

id  tbcnoe  into   tho  mid.  cerebral.*      Hut  the  mora  ons 

UiUm  ('  Vireb.  A..'  Ixxs.  |>.  381}  dsKribm  s  ahBlUr  onw.  In  Wlilak  llw 
ii/M  Moie  htiofi  [alfliit,  k  llinnabnaw  of  Um  right  »vidm  wm  ImIUvmI 
I  twT«  {ortaai  tbe  •tartiog-paiot  for  ruiwtwl  vmtnUau  tdnnmlmil  Mm 
«ic  VMMli. 


184 


THBOMBOSIS  AXD  BMD0U8M. 


sees  how  perfectly  the  anatomical  coaditioiu  are  auuDtaiaed 
in  the  ooDrso  of  such  events,  the  mora  difllcuU,  il  soems  to 
me,  will  it  be  to  make  np  one's  mind  to  indorae  the  opioioa 
of  certain  anthors  that  in  caseSj  it  is  trneof  rare  oocurrenoo, 
emboli  may  be  transported  n^aia^t  the  blood-stroanij  aa  far 
example,  oot  of  the  vena  rnra  etiperiitr  into  the  lii'patio  vein.* 
It  is  an  old  experience  and  capable  of  veriQcation  at  any 
moment  that  particles,  say,  oF  cinnabar,  gninales  of  mercury, 
or  even  plugs  of  wax  may  be  very  roadily  driven  by  the  poa* 
tivo  prossnrc  of  an  injection -syringe  from  the  r.  juguJmiM 
into  the  hepatic  veins;  bat  this  proves  nothing  widi  respect 
to  the  ordinary  circulation,  and  I  Khoald,  for  my  part,  regard 
sQch  an  occurrence  as  very  improbable,  so  long  at  least  as 
the  bIood-f<trcam  (hrough  the  portal  vein  is  unimpeded. 

Naturally  the  emboli  are  arrested  during  transport  in 
largor  or  smaller  vessels  sccordiog  to  their  sixe  ;  the  lni^c«t 
of  all  in  the  principal  branches  of  the  pulmonary  arteriwt, 
for  example,  or,  on  the  other  side,  ia  an  n,  rmaUM  or  tUcca 
cttmimatig,  or  even  in  the  norta  descendetm  at  its  point  of  I 
bifurcation.  On  the  contrary,  the  smallest  phigs  oot  only 
penetmte  into  the  uapiUaries,  but  may  pass  through  a  ca]u1> 
l&ry  area,  where  these  ressels  are  comparatively  wide,  and 
afterwards  be  arrested  iu  cnpillaries  of  uarrtnver  calibro; 
thus  after  tnjectiog  fmely  divided  chromate  of  lead  urcinua- 
bar  into  the  v,  jwfnianx  it  is  not  at  all  unusual  to  coioo 
across  partioles  in  the  loops  of  the  renal  glomeruli  or  in  the 
capillaries  of  the  brain.  That  direct  communication  of  an 
artery  with  a  vein,  where  it  happens  to  occur,  would  favour 
such  skipping  of  a  capillary  system  by  emboli  is  at  tmoa 
apparent.  Lastly,  emboli  whoso  diameter  is  less  than  that 
of  the  finest  capillaries  ran  of  courso  pass  everywhere  ud< 
hindered,  and  when  ihey  nevertheless,  perhaps  a(t«r  long 
wandoring,romain  fixed  anywhere, this  is  Hue  to  circamstauoe« 
other  than  their  si^e,  e,  g.  to  the  roughness  of  their  tnrfnee 
or  their  accidental  adhesiveness  or  the  liko. 

On  the  other  hutid,  the  larger  emboli  will  moiifly  hv  ar- 
Toetcd,  as  is  natural,  in  those  aituations  wfaero  the  raacuhirj 
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lumen  UQtlorgoes  carrpwiDgj  especially  therefore  at  tiio  place 
of  origiu  of  large  lateral  bi-aacbea  or  at  the  poiat  of  bifarcu- 
lioQ  of  arteries.  Thus  uothiug  is  more  cocamou  thno  £or 
omboU  to  be  foond  "  riding,"  u  it  is  called,  or  seated  npou 
the  bridge  foriaed  by  the  btCurcAtion  of  a  large  artery,  and 
so  to  obstTDct  both  its  braQchcs  at  their  cooimeDccaient.  For 
wben  you  coosidcr  that  the  emboli  are  wedged  into  the  port 
in  f(oeition  by  the  power  of  iho  blood-stream  and  are  arrested 
here  only  becaasc  they  arc  too  large  t<i  pass  through  the  sac- 
coeding  tract,  you  will  find  it  natural  chat  they  ehonid  in  the 
largo  majoriiy  of  cases  boloug  to  tho  iv/tniiUttitf  (Ai<ftructivi'. 
tarivty ;  their  capacity  to  causa  obtstruciiou  is  especially 
bkvourod  by  their  soFtnoss,  which  allows  of  their  being  per- 
footly  adapted  to  the  mould  ruraied  l>y  tho  lunien  of  the  vessel. 
Yot  it  ckccosionally  happens  in  i»olatod  cases  that  an  embolus 
remains  fixed  athwart  the  Rtream  behind  tho  point  of  bifur- 
cation without  completely  occluding  the  lumen.  In  such 
cases  iho  blood<.strcura  will  at  6r.st  continue  to  Sow  by  it, 
bat  as  a  mle  oolr  for  a  short  time,  since  the  embolus  itself 
induoes  freah  thrombosis  so  that  the  partially  obstructive 
plog  now  conies  to  be  a  completely  obstructive  one.  Before 
it  bae  gone  so  far,  however,  small  pieces  may  be  torn  off 
from  Ihe  embolus  and  then  carried  further  by  tbe  stream, 
ihiu  leading  to  a  kind  of  ro-ttrreid  embolism. 

A  second  variety  of  revurrout  embolism  is  that  in  which 
at  first  onmllor  and  niteruards  larger  emboli  are  traun[Kirt«d 
into  tho  same  vnttculur  area,  when  the  former  are  arri*titc-d 
in  the  most  remote,  the  latter  in  tbe  larger  proximal  branches. 
This  iH  hy  QO  moans  a  rare  event,  and  the  probability  of  its 
occurrence  is  supported  by  what  of  teu  happens  in  expenmont, 
where  seToral  plugs,  though  introduced  ut  pretty  long  inter- 
vals in  succession  into  tho  jugular,  travel  ioto  tho  same 
bmoch  of  the  pulmonary  artery.  After  all  that  has  bcea 
said  it  need  hardly  be  mentioned  spoctally  that  an  embolus 
which  in  completely  ubstnictive  from  the  first  may  be  en- 
closed by  fruiih  thrombi,  the  deposit  taking  place  very  com- 
monly on  tho  central  (tide  but  also  on  the  peripheral. 

l^et  as  see  if  we  cannot  deduce  from  the  foregoing  certain 
mica  Oft  lo  tho  occurrence  intra  citmn  of  cosgnlation  in  the 
dU!er«ut  parts  of  the  circulatory  apparatus.     Wc  may  expect 


TMrogBWiM  AXD  ranoLny. 


to  Bod  I,  in  tlie  heart  only  thntahi  ;  theM  will  ocoor  mboTo 
all  on  inflamed  vmlves  and  rhordm  tendinejr,  alao  in  partial 
cardiac  BQeurj.<nn<),  farther,  in  th«  reoetea  between  the  ooton- 
urn  eamrx  (ao>cAlIed  gtobular  vegetattotu),  while  m  the  aort' 
cnlflr  appendices  nnd  in  the  apex  of  a  Tentriole  when  dilaboil 
Tpry  largo  polypoid  thrombi  may  bo  met  with.  2,  lo  the 
nniM  we  find  tkrombi,  parietal  and  ralraUr,  portinlij  and 
completely  obstructive,  primary  and  propagated  ;  only  in  the 
branebei)  of  the  [lortal  vein  within  the  lirer  can  emboli  ai 
well  as  thrombi  occur,  the  former  by  transportation  &om  the 
portal  tribotaries,  the  latter,  f.  tf.  round  dlstomata  or  in  tba 
immediate  neigboorbood  of  hepatic  abaceMM.  3,  In  the 
arti^i-ji  both  thrombi  atul  emholi  occur ;  thrombi  in  aoeo- 
ryams,  after  ligatnre  and  injuries,  after  destraction  of  thftoo- 
dotheliuiu  by  ulcers  or  the  like ;  emboli  in  the  palnK 
arteries,  conveyed  from  the  right  heart  and  tho  •yslemio  n 
in  the  systemic  arteries  from  the  pulmonary  veins,  the  lei 
hoartj  and  tho  aorta  or  its  larger  brMiches.  It  is  often 
cult  to  determiDO  the  nature  of  a  plag  met  with  in  an  artery. 
The  size  is  not  alone  a  differential  mark ;  forj  aa  you  know, 
large  as  well  as  small  pieces  may  be  torn  off  from  a  thrambas 
and  transported  elsewhere,  aod  yon  know  too  how  mach 
the  true  primary  thrombi  may  vary  in  thoir  dimensioos. 
Thoro  arc,  however,  some  other  characters  ou  which  retianot 
may  be  placed.  Tou  should  first  examine  whether  any  local 
cause  of  ooagnlatioa  be  present  at  the  m-at  uf  tho  plog,  ^.  9- 
considerable  narrowing,  an  aneurysm,  an  injury  to  Lhu  arte' 
rial  wall,  or  an  ulcer.  The  presence  of  one  of  these  facteii 
nftkea  thrombous  extremely  probablej  although  the  posH> 
bility  that  an  embolus  had  been  arrested  at  this  particolv 
Hpot  mnst,  of  coarse,  bo  admitted.  If,  ou  tho  other  hand, 
the  plug  be  »itoat«d  at  the  point  of  bifurcation  of  an  artsrj 
or  origin  of  a  lateral  branch,  if  it  ridea,  aa  I  formerly  vx> 
ptuiuedj  yon  may  unheiiitatiugly  pronounce  it  an  embolu. 
Ann)  her  fact  of  great  import«nc«  is  Oiat  a  thrombus,  in  ao- 
cordauce  with  the  history  of  its  origin,  as  will  aoon  be  ex- 
plained at  length,  alw^s  adherrs  to  the  wall,  at  any  rate 
where  it  i«  aatochthouous,  sud  as  a  rule  l<yu  fiirthcr  on  when 
is  propagated.  The  umbolus,  ou  the  uoQlrary,  utalooselj 
(he  lumen  or  at  least  is  aaooaneetcd  with  lbs  vossel 
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SD  that  it  Terjr  readilj  (ilIIs  out  od  catting  opon  the  veasol  in 
rbich  it  is  contaiDed.  This  it  is  true  holds  good,  ns  1  may 
Id  at  ODCe,  cinljT  uf  a  still  reeetU  embolus.  If  a  considcrahlo 
timo  ha8  elapsud  sinoe  its  enlrauce  adhesion  to  tho  vessel 
«ral]  has  ufluatlv  meanwhile  boon  established,  and  it  is  now 
uften  quite  impo^ible,  even  by  a  most  care{nl  examination 
ot  the  prepnmtion,  to  docido  whether  thrombosis  or  omboliBm 
ha»  takitii  place.  Here  yon  may  occaaionally  bo  able  to  ob- 
tain a  cine  from  the  clinical  history  as  well  as  From  the  con- 
sideration of  the  other  conditions  present,  which  in  any  case 
dtworriiig;  of  carof  nl  attention.  For  obrioasly  you  cannot 
ith  perfect  certainty  determine  that  embolism,  say  of  aays- 
tvmic  artery,  has  occurred,  nnlefls  yon  are  at  the  same  time 
SttflOMsfal  in  mHking  out  its  source.  Should  all  other  re- 
■OurOM  prove  of  no  avail  you  may  be  asaiated  by  pathologiuo- 
aoatomical  experience,  which  tenches  that  both  emboli  and 
thrgnibi  are  found  iu  the  brain,  in  the  coronary  vessels  of  the 
boart,  and  in  the  arteries  of  the  extremities,  while,  on  the 
olhur  hand,  in  the  arteries  of  the  longs,  intestines,  kidneys, 
mod  spleen,  thrombi  ore  comparatively  rarely  met  with.  4, 
In  ibe  rapilluritfi  ami  the-  rmuiUnt  arttrie^i  mid  veins,  the  ho- 
okllod  capillary  arteries  and  voiua,  one  may  ex[M)ct  to  meol 
very  iimnll  emlwli,  but  ihrombosiH  is  also  possible  here.  The 
htter  >ft,  however,  a  |)eouliar  case.  The  contents  of  the 
capillary  Teasels  will  remain  fluid,  it  m  evident^  only  au  long 
M  the  endotliclinm  lives  .and  fiillilH  its  function  ;  but  ^ince 
the  wall  of  theec  voiiisels  is  built  up  of  endothelium  alone, 
d««th  of  the  endothelium  is  equivalent  to  necrosis  of  the 
Itire  vessel.  In  short  if  we  leave  injuries  out  of  ao- 
il,  capillary  thrombosis  or,  as  it  is  also  called,  eujnllary 
MttutMf  occurs  nnljf  in  mortijuation  of  the  capillary  vrgneh,  a 
prOCMa  which,  as  yon  will  hear  later,  invariably  involves  at 
the  same  time  the  death  of  the  tissues  supplied  by  the  capiU 
kritts  in  queiitiOD.  Prxrpagated  throml>onM  never  takt»  place 
IK  thf  ro^'iV/unV.v  apparently  because  their  ttimen  is  too  minute 
(0  allow  of  the  withdrawal  of  any  part  of  the  liquid  threads 
from  the  induence  exerted  by  the  wall  in  checking  coagula- 
For  the  rest,  the  characters  distinguishing  l>etween 
iboIUm  and  Uiromboais  of  capillaries  are  very  obvioas;  a 
ullaty  embolism  can  never  bu  anything  but  minute,  while 
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a  tlirombosis  will  properly  bo  ooextcnRi?e  with  an  outiro  capil- 
lary area  of  sinallor  or  larger  bizg. 

Non-,  Trliat  is  tlie  appearance  of  a  tlirombas,  and  wbftt 
becomes  of  it?  A  thrombus  is  nothiag  bat  coagalatcKl  bloodj 
and  niDst  therefore  have  at  Rrst  tho  samo  appfarancc.      Yel 
two  uiodos  of  origin  should  be  kept  tlistinct  from  tho  tc 
comtnenccmenb  cterording  at  the  ihrotnhwt  hfu    hean  /amud 
ichilr.  the  htood  wan  at  rest  or  in  circidation.      F' 
from  a  vein  and  allowed  to  remain  porfectly  dmWi 
a  ctrlindrical  vessel  assnmes  during  coagolation  a  Enrm  quit 
different  from  that  ac4|ui''ed  by  it  on  bein^vigoroDBly  i-  '■■ 
with  a  rod  of    whale-bone  ;  and  so  it  is    also  witl< 
vessels.     In  the  fonuer  case  you  see  a  blackish  red  eoagului 
whoee  volume  ia  at  first  exactly  the  same  as  that  of  tho  blc 
frotii  which  it  is  formed,  and  which  later  also,  wheu  the 
of  coram  by  oxpi'cssioa  has  more  or  loss  dimioiiihcd  it* 
preserrca  its  dark  rod  colour  because  it  oiiclo«o8  tho  wboli 
of   I  ho  ivd  blood-corpuscles.     It  is  obhorwiso  with  whipptdj 
blood  ;  the  mure  vigorously  you  whip  sud  set  it  in  motion  wiCl 
tho  rod  of  whale-bone,  tho  more  certain  are  you  to  locni 
the  deposit  on  the  rod  of  viscid  Gbrtnous  masseSj  which  are  at' 
first  red  but  gradually  become  paler  till  in  Iho  end  they  may 
be  acaroely  yellow  ;  Ihtrao  laat  eontain  tmly  a  few  n'<l  bl(io<l< 
corpuscles  from  whii^h  they  may  indeed  bo  altogether  frKwdJ 
In  complete  accordance  with  theso  rpsults,  yon  find  in  ar«n 
which  has  b<.i>n  doublv  iiLraiuniJ,  a  nW,  voIumm 
on  the  contrary,  a  thrombna  occurring  on  an  n  j 

of  the  aortic  wall  is  colourless,  or  as  it  is  calWd, 
Zalm*  has  tanght  tin,  in  a  very  intcrfRHng  -. 
ment*,  how  tho  foroiaticii  of  the  latter,  tlit  '■■  < 
may  be  followed  directly  under  tho  microscope.  If 
injure  one  of  tho  birgor  Brl4?rics  or  wins  in  the  cocit 
tongue  or  mesentery  of  a  curarixed  frog-,  e.g.  by  layiajg^l 
small  crystal  of  common  sail  close  to  some  part  of  the  vt 
you  at  oucu  obHtrve  that  Ibe  portiou  of  '~ 
the  wall  corresponding  to  the  crystal  l".<.- 
with  colourless  bUfod -corpuscles,  whose  number  coostaotlj 
incretues  as  tho  salt  melts  ;  soon  (htri 
hivers  of  densely  packed  coloorlaaa  ootj  . 
•  Z«hn,  •  Vtnfa.  A./  Ixil,  )f.  8l. 
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the  interior  of  the  wall,  and  the  clitmp  continues  io  grow  by 
the  accession  ol  fresh  whit**  corpuscles  fmm  the  hlood  aa  it 
flows  by.  The  wh*>le  ff  (his  porlion  of  the  lamen  is  now 
«CCnpte«]  by  a  mAu  of  densely  packed  loacorjtes  amongst 
lliich  hardly  a  single  red  corpuscle  can  be  rccngniswl ;  and 
io  blood-column  ig  oompletoly  iiitcrrnplcd  by  the  white 
motionless  plug,  wbirh  is  distinguishable  even  by  the  naked 
ey«  M  *  white  gap.  But  the  course  of  events  is  not  always 
tto  typical.  At  another  time,  especially  if  tho  salt  has  Iain 
apoa  instead  of  near  the  vesselj  you  8«6  the  deposit  o£ 
coluurk-ss  corpuscles  progressiug  not  uieroly  from  one  but 
huui  all  points  of  the  circumfeitfuce  towanls  the  interior  of 
the  vesael,  and  nothing  is  more  common  than  for  some  red. 
oorpnsolea  to  be  hemmed  in  and  held  fast  by  the  leuoocytes. 
Nor  do  by  any  means  all  tho  plugs  become  so  largo  as  to 
fill  up  the  entire  lumen  ;  many  of  them  are  mere  colourless 
promiucuces,  protruding  into  tho  blood-coluraii  and  narrow- 
ing the  pasRajm  there.  On  steadily  observing  such  a  plug, 
consisting  exclusivelyj  or  of  a  majority,  of  white  corpuscIei<, 
you  may  sometimes  see  the  entire  mass  caught  by  the  blood- 
stream, next  begin  to  waver,  and  then  suddenly  swim  away  ; 
whercnpon.  if  it  hos  been  seated  in  an  artery  it  is  arrested 
sooner  or  Inter  according  as  it  has  continnod  entire  or  been 
broken  up,  or  if  in  a  rein  it  disappears  from  observation. 
At  the  seat  of  ihe  plug,  however,  there  is  formed  aa  a  rulo 
•  frcub,  perfectly  simitar,  but  mostly  smaller  mass,  provided 
at  least  that  the  netion  of  the  salt  has  not  been  too  intense. 
Tet  this  is  not  always  the  fate  of  tha  white  or  mixed  ooagula ; 
some  of  th^m  succeed  in  mntntaining  their  position  in  oppo- 
sition to  the  power  of  the  blood-strvsm,  when  it  is  usoal  for 
them  to  increasa  longitudinally  in  a  centrifugal  as  well  as 
in  a  centripetal  direction  by  repented  accessions  of  white 
corpuscles.  There  is  now  no  difficulty  in  tracing  tbeir 
further  de»tiny.  The  clump  of  celU,  at  firat  slightly  lustrous, 
aoon  ■'-  ftnely  gtannlar  and  contracts  a  little,  while  at 

Ibo'a.,.  .-:i'j  tho  contours  of  the  individual  elements  become 
lesa  distinct.  This  sppearance  becomes  more  marked  during 
the  next  few  himnt  till  after  at  farthest  twenty-four  honrs 
the  c«Il- boundaries  are  for  the  most  part  lost,  so  that  wo 
have   now  before  us  a  faint,  dull  gt^yj  feebly  refracting. 
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finely  griiDuIar  mass,  id  irhtcfa  it  is  aa  a  mle  impoFsible 
render  the  Buclei  visible  by  means  of  acetic  acid  or  oF  coloani 
matl'Crs  having  an  affinity  for  tho  nnclei ;  in  saying  whit 
we  of  oourso  leave  oot  of  aooonot  a  variable  narober 
coIoarlosK  cells  that  are  still  preserved  nnd  clearly 
nisablc  in  the  midst  of  tho  6nety  grannlar  mus.  Exi 
tbe  eaino  appearance  is  observed,  as  ia  well  known,  in  fibrin 
obtained  from  the  blood  by  whipping  ;  it  presents  a  granolar 
feebly  refracting  mass  in  which  some  white  oorpnscle*  aiid_ 
a  certain  nnmber  of  red  are  incladed.  Tmo  tbe  red  bk 
corpuscles  are  usnally  more  numeroosly  represented  in 
fibrinous  masses  obtained  by  whipping  than  in  tho  plogv  pi 
dnced  artificially  in  a  Tein  or  artery  •  bnt  thin  i«  to  be  aUi 
boted  to  tbe  fact  that  tbc  rooToment  occasioned  in  the  glui 
means  of  the  rod  of  whale-bone,  cannot  be  compared  in 
of  aniformity  with  that  commnnicated  to  the  blood  in 
veseels  of  the  living'  organism  by  the  circalation.  It 
precisely  this  experimental  prodnction  of  tfarombona  i  bi 
chiefly  in  mind,  when  I  held  oat  to  yoa  tbe  prospect  that  tl 
most  recent  views  of  Schmidt  on  tho  nature  of  ooagnlatic 
wonid  he  corroborated  by  pathology.  For  the  part  pbij 
by  the  oolourless  corpuscles  in  coagulation  cannot,  in 
opinion,  be  more  mgnificantly  demonstrated  than  by  tfai 
experimentSj  in  which  the  eye  of  tbe  observer  is  enabled  l( 
follow  tho  transformation  from  the  liquid  into  the  solid  con- 
dition jtari  jwttni  with  the  disappearance  of  numbers  ol 
colourless  blood-corpuscles. 

Yon  need  only  call  to  mind  the  history  of  the  origin 
ibrnmbi,  and  you  will  be  able  at  once  to  infer  w ' 
under  what  conditions  a  white  and  when  a  rrd  throu' 
be  met  with.  Tlie  third  variety,  thetnure^  thrombu*.  ii  W 
at  bottom  dissimilar  to  the  white,  differing  rmly  in  tho  pi 
sence  of  a  certain  number  of  inchided  red  corpuscU'S.  Wboi 
ever  tbe  circulation  is  maintained  during  tho  fonnottoD 
the  thrombus,  (hero  arises  the  white  or  at  most  II  • 
variety.  It  follows  from  this  that  all  thrombi  dcj.'.  . 
Inrge  vessels  in  cooBoquence  of  alterations  io  their  walls  mul 
be  «-'itVp  ;  and  the  same  holds  good  of  all  cosgula  np<i 
foreign  bodies^  inflamed  valves,  an  well  as  of  all  props 
tiironbi.     But  the  domain  of  the  white  thrombus  ia  lititl  moi 
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BDBire.  Por  the  t)irombosis  1>y  which  the  closure  of  tv 
}and  of  ft  Tossel  is  bronghc  aboui  must  of  noceesily  be 
Goloiirleiiit,  sioce  here  if  anywhere  coagulation  takes  place 
~iith  the  blood  in  circulation.  And  lastly,  it  is  qaito  con- 
^vable  Ihnt  to  cues  where  only  a  portion  of  the  blood  flowing 
through  a  Tuscular  croas  soctioa  ban  come  to  a  atandsdU,  aa 
Uappvns  iti  marnntic  thrombosis  of  the  Tonoua  valvea  and  of 
the  recewea  between  tbe  columnie.  caniex  of  the  hearty  the 
ooagnlam  may  aUo  bo  wbite  or  at  least  mixod.  At  any 
rate  experience  couittautly  teaclies  that  it  is  so  ;  the  globular 
Tegetatitins  are  always  uuoolourod,  and  the  venous  valvular 
tlirumbi  are  altfO  far  from  beiuj;  rud.  You  see  that  cm 
r-ttfvmeti/  /<irj(rt  majority  oj'  all  Ihv  ihTirmbi  found  in  the  body 
art.  ichite  vr  luijnd,  and  thei-e  remain  but  a  few  cases  in  which 
the  coDditions  necessary  to  the  formation  of  a  red  coagnlom 
mn  presented. 

Thus  meet  of  the  thrombi  coming  auder  obeervation  bavo 
vfkite  or  else  a  yret/  or  grt-ijish-red  appearance,  a  uharacier 
it  often  cannot  be  clearly  made  out  antil  looee  pont-mortem 
]tB  have  b<>en  remnved  ;  fur  the  latter  have  a  deuideil  teiid- 
icy  to  become  deposited  on  the  thrombi.  Botwoen  tbeso 
td  thrombi  you  will  never  have  the  least  difficulty  in  dis- 
iguishing.  A  po«(-moW«m  clot  is  nowhere  adherent  to  the 
r.  ypswl  wall,  bat  if  caro  bo  taken  may  bo  drawn  out  of  the 
>rLa,  cava,  &e.,  in  the  form  of  a  very  long  branched  cord, 
the  contrary,  overy  thrombos  is,  aa  already  stated,  nW/ir- 
tttt  at  least  at  its  place  of  origin^  and  as  a  rule  beyond  this. 
A  Erosh  embulas,  it  is  true,  is  not,  as  you  are  aware,  adbo* 
n^nt ;  but  a  po^tt-mortem  clot  certainly  cannot  be  confounded 
ritb  it,  inasmuch  att  the  embolus  usually  takes  the  form  of  a 
>mpanitively  ahort  fragioeat  terminating  centrally  and 
^horally  in  a  blunt  rounded-off  extremity.  A  jx>^^- 
i-lot  is  muiat,  shining,  tolerably  elastic,  possesses  a 
?rfeetly  amooth  superficies,  and  is  often  in  parts  markedly 
buffy  i"  a  thrombus  on  the  contrary  is  from  the  first 
lecidedly  drier  and  more  compact,  and,  provided  it  has 
attained  a  moderate  size,  is  always  etratt^ed.  This  lost 
iroperty,  which  is  dne  to  the  deposition  of  sacoessire  layora 
luring  formation,  is  therefore  one  of  the  moat  characteristic 
of  all.     A  posi-mortem  clot  is  never  stratified,   while    in  a 
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iUrombiis  tliis  feature  i»  so  well  marked,  fi.  g.  in  large  tliromi 
each  88  form  in  aDoarvsms,  tlmt  ft  section  Uiruiigli  its  lluolt- 
Dcas  gives  the  imprcssiou  of  a  mass  consisting  of  a  s^itei 
of  fibrioous  lamclUc.     To  the  strntiGcation  It  is  also  to  bo 
attributed  that  n,  thrombas  from  wliich  a  pioce  baa  been  tora 
otf   termioat«8  id  a  elair-like  extreraily  ;  for  olhorwiso  tbo 
end  of  the  plug,  especially  that  directed  towards  tlia  he 
is,  as  a  rule,  conical.     Among  the  microKcopJc  cbaracii 
of  a  thrombus  tho  most  Btriking  is  its  richuL'ss  in  moro  arj 
]css  well -preserved  colooriess  blood-oorpaflcleSj  a  pccaliaritj 
pointed  out  loD>^  Dgo  by  Virchow^  aod  ouo  which  faoa  beci 
fully  explaintd  by  tbo  history  of  its  dovolopuiont.     Tberc  ia' 
ao  such  wealth  of  white  corpuscles  in  tbo  red  thrombna; 
rather  red   and  colonrlcsa  corpuscles   hare   horn  the  same 
nninorical  rolation  as   exists  in   blood  drawa   ^om  a  rom. 
Novortbcless,  yoa  will  hardly  ever  run  the  risk  of  confotmdiof 
a  red  thrombtis  with  a  blood-clot,  if  you  only  bear  in  miai 
the    conditions    under   which    alone  the   formation    nf 
thrombi  can  take  place. 

Every  thrombus  is  wont,  after  remaining  for  a  tune  in  thi 
■condition  described,  to  pass  through  certain  uictamorphostisj 
without  our  always  being  able  to  specify  the  circuiustanceaoi 
which  their  occurrence  depends.    One  of  tbe  commooest  is  tfai 
■ihculouratioH  of  the  red  constitueuts  of  the  plug.      This  takea^ 
place  slowly  aod  gradaalty.  the  red  corpusulea  shrinking 
part   and    in  part  disintegrating,   while  a  portion  of  their 
Colouring  matter  is  diffusod  into  the  vicinity  and  rcsorbed, ' 
and  the  remainder  (as  will  be  moro  minutely  tliscuaaed  id 
another  place)  transformed  iuta  hwmxitmdin  or  ptifment.     It 
ie  the  occurrence  of  such  pigments  in  mauy  oldiir  thrombi 
that  affords  the  most  certain  proof  of  tho  actual  presenoo 
a  previous  date  of  red  corpuscles  and  accoi  '       ^      .f  a  d«>' 
colouratifin  having  taken  place.     Yetihispnr  i  pre^onl^ 

far  from  playing  tho  part  in  tbo  theory  of  thrombosis  whicb 
■was  ascribed  to  it  at  a  time  when  the  dctadrd  history  of  lk«1 
formation  of  thrombi  was  as  yet  imperfectly  known,     Whaoj 
we  nowadays  meet  with  a  yellowish -white  or  whitish-grs] 
thrombus  we  need  not  have  recourse  to  decolouration  in  orderl 
lo  uiiderfit&nd  the  absence  of  ooloor,  howevor  ncoeaiary  (hii 
appeared  while  red  was  held  to  be  tbo  original  colour 
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every  fresh  Ibrombus.  At  present  tboroforo  this  process 
comes  into  considprntion  only  in  tbe  rory  DDcomtnon  ret) 
mbt  Bod  iu  addition  in  tbo  rod  portions  of  tho  mixed 
icty  ;  whereby,  it  is  true,  the  latter  may  como  to  resemble 
a  white  coogulam  so  closely  that  a  decision  as  to  the  original 
nntaro  of  the  tbrombua  is  sometimes  only  possible,  if  nt  all, 
a  microscopic  demonstration  of  rcsidaes  of  pigment  and 
matoidta. 

But  with  rcappct  to  tho  importance  and  effoctn  of  athrom- 
H  it  makes  no  diETcrcnco  wliothcr  it  be  decolourized  or  not, 
<r  has  this  ftny  inflnenco  on  its  snbscqaent  fate-  Its  des* 
y  is  utterly  different  according  ax  the  thrombus  becomes 
niifl  or  undergoM  aoftcMng.  By  organisation  tlie  tbrom- 
if,  so  to  speak,  metMmorphosed  into  noUd  rnscular  eon* 
live  lustte.  This  interesting  occorreuco  has  for  many 
attracted  the  attontiou  of  eurgcons  and  patliologists  and 
haa  been  interpreted  very  varioosly  in  harmony  with  tho 
general  scientific  views  prevailing  at  the  time.*  At  present 
we  may  reutaro  to  i-cgard  it  as  certain  that  the  thrombus 
If  ia  in  no  way  engaged  in  tho  tissue- formation.  Its  ccll- 
the  rrmaiuiug  leucocytes  and  wliatovor  red  blood- 
may  be  preaent,  perish ;  while  tlie  granular  fibrin* 
R  material  composing  the  great  bulk  of  the  ping  contracts 
d,  if  not  completely  reBorl)ed,  is  finally  greatly  rednced  in 
Inme.  Nor  is  it,  so  far  as  I  know,  any  longer  a  matter  of 
te  that  a  chief  part  in  the  prodnction  of  the  connective 
.«  taking  tho  place  of  the  thrombus  is  to  be  ascribed  to 
e  newly-formed  blood-vessels,  which,  whether  originating 
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from  the  vasa  vaaorum  of  tfao  affected  veto  or  Attary  or 
the  vessels  of   tho  advoDtitia  and   surrounding   connoctiTd' 
tisstiD,  K^VT  into  tho  interior  of  tbo  tlirombua.      It  appears 
that  tho  adrance  of  now  vessels  takes  placo  ntost  vigorooid] 
and  abundantly  at  thoso  places  in  tbo  vcft^el  wall   whore 
intima  has  been  severed,  for  example,  bv  a  ligatnre,  or 
been    otherwise  lost.     In  this  way  the  thrombns   boooi 
vasmlarised,  an  oveot,  as  yon  mil  learn  later,  which  is  iJwayi 
the  Brst  and  most  iudispensable  step  in  overy  patbdlogic 
formatioQ  of  coon&ctive  tissoe.     The  qnestioa :    How  doM 
this  new  connective  tissue  with  its  cellular  elements  ariso! 
still    forma  the  subject  of  an   animnted   discussion.      Afl 
all  previous  authors  had  80ug:ht  to  answer  it  by  examininl 
the  oaore  or  less  fully-formed  tissue,  Seuftlebeu  altenii 
to  arrive  at  a  doUuito  conclasion  by  roryiri^  tho  couditionM^ 
expsrimentally.      He  took  pieces  of  largo  voina  or  orterioa 
ligatnred  at  both  ends,  from  rabbits  which  bad  been  dead 
several  days  and  introduced  them  into  tbo  abdominal  cavitii 
of  living  rabbite,  after  having  previously  disinfected  the 
by  prolonged  exposure  to  the  vapour  of  carbolic  acid,  »ai 
in  some  cases  after  having  in  addition  placed  them  for 
time  in  wster  at  50°  C. ;  the  Ivmen  0/  tiieat  dead  veMcU  oIm 
became Jilled  teilh  a vaacular  rottficr/Vrn  tixmui  con--' 
most  typical  spindU-tglU.     This  experiment,  ^'        ,      l    yj 
enough,  Baurogarten*  wa«  mtable  to    con6rm,  but  wfaic 
nevertheless,  as  I  can  assure  yon,  almost  never  faili)  if  tbi 
necessary  precautions  bo  observed,  proves  «i  any  rate 
organisation  of  the  thrombus  may  be  effected  withimt  tl 
aetite  participation  of  (xny  portion  nf  ihr  rt^tufl  tmit,  nnd  mltii 
6y  the  inicrventum  of  tcanderimj  celU  that  pent  trnte from  wit)^ 
Mt,    But  now  consider  farther  the  perfect  accordance  bctwceo 
the  microscopic  pictures  presented  by  the  dend  and  the  ordi- 
nary object — an  accordance  so  perfect  that  it  is  qaite  powi- 
ble  to  confound  the  one  with  the  other  ;  and  yon  will  liordly 
besitato,  I  think,  to  agree  with  Scnftlcben  in  his  conclosioB 
that  tho  formation  of  connectivo  tissue  iix  thu  thrombns  loki 
place  in  exactly  thu  samo  CoBhion  infra  Wfaffl,and  ia  not  dai 
to  proliferation  of  the  endothelium  of  tho  vowel,   t' 
Biumgarteni  Koafa  and  othon  aro  inclined  fco  ascr.i 
*  BmDguiao.  *  Viicfa.  A..'  lixxui,  p.  497. 
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result.  The  timo  elapstng  before  organisation  is  complete 
is  estrnmely  variable ;  in  tlio  mo«t  favorable  cases  tokcu- 
lArieation  is  very  advanced  &«  early  as  the  sixth  or  seventh 
day,  and  in  a  fnw  weeks  the  portion  of  the  lumen  formerly 
ccnpifd  by  the  llirnmbns  is  filled  with  a  delicate,  slightly 
»hitinou9,  vascular  connective  tissue;  white  at  other  timvs 
iniiiation  has  hardly  gone  beyond  its  earliest  beginnings 
ron  nftrr  tho  lapse  of  months. 
Bnt  wo  have  good  reason  to  regard  such  organisation  as  a 
fftvorftfale  t«rmination  of  thromboeis,  for  one  thing,  because 
10  other  dangers,  especially  those  accompanying  tho  possible 
)fteniiig  of  tho  coogulam,are  thereby  act  aside  ;  and,  in  the 
ioH  place,  because  organisation  is  the  first  stop  toward 
"ihe  partial  re -establishment  of  the  circulation  through  the 
affected  vessel.  In  this  direction  the  vascularisation  of  the 
thrombus  has  already  a  certain  value  ;  for  although,  as  you 
kooWf  the  viua  ffl*«ntm  do  not  receive  their  blood  from  the 
TOMels  in  whose  walls  they  course — a  rulo  holding  good  not 
merely  of  tho  veins  but  equally  true  of  the  arteries — yet  there 
is  Tery  commonly  established  between  the  newly-formed 
Tcseols  of  tho  thrombus  and  tho  atill  open  lumen  of  the 
artery  or  vein  n  direct  conneotioD,  safficicDt  to  allow  of  a 
oertain  degree  of  communication  between  the  proximal  and 
sripheral  portionn  of  the  vessel.  Of  far  greater  import- 
ice,  however,  is  the  fact  that  the  product  of  organisation, 
newly-formed  connective  tissue,  begins  after  a  time  to 
itract,  this  being  as  yon  will  afterwards  learn,  a  perfectly 
tant  characteristic  of  all  recently  developed  connective 
tiMne.  Should  tht^  contraction  take  place  simnltaneoiigly 
from  the  centre  towards  the  periphery  in  the  whole  circam> 
fcrf>nc«>  of  tho  vessel  there  must  arise  a  new  lumen,  a  kind 
!  central  canal  in  the  midst  of  the  organised  thrombus.  But 
often  the  contraction  ensues  without  any  such  regular 
correapoudcnce  to  all  the  radii  of  tho  vascular  tube.  It  is 
c«ay  to  conceive  that  tho  thrombus  may  adhere  more  firmly 
to  some  poH.!oD8  of  the  periphery  than  to  others,  and  when 
onder  such  circumstances  the  tissue  commences  to  contract 
H  will  be  most  forcibly  withdrawn  from  precisely  those  places 
lero  its  atCAchmont  is  lax.  Thus  there  originate  narrow, 
ly-plaood  chaneols,  several  of  them  sometimes  in  the 
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same  thrombns  ;  these  do  not,  bowerer,  all  paaa  contmiK 
from  one  of  ita  extremities  to  the  other ;  fome  of  them 
iotorroplcd  here  and  there.     The  organised  tbrombus  hae  now 
acqoired  a  certain  rcHomblaooo  to  a  sponge,  and  the  implicatod 
portion  of  the  vessel  to  a  TcnoDs  ainns,  ioaemnch  as  its  inte- 
rior is  also  spanned  hy  bands  of  connective  tuBoe  in  the  form 
of  incomplete  bridges  and  septa.      For  this  termination 
organisation  the  term  "  tfimu'likc  defeneration  "  was  seloetcdl 
by  Rokitanttky.     It  is  more  commonly  met  frith  in  reins  than  [ 
in  arteries,  and  its  really  typical  ecat  i&  the  conflneneo  of  the 
two  r.  iiiacai  to  form  tho  v.  tava  inferwr,  in  which  sitnattot 
a  perfectly  »ieTe-Iiko  lamina  sometimeA  remains  as  tha  solitary  i 
reaidne  of  an  obstructirc  thrombosis.     The  hlood  can  again 
pass  through  the  apertnrea  in  this  lamina,  t.  f.  throngh  the , 
channels  above  deacribed,  tboogh    the  stream  will  not, 
course,  be  so  free  as  before  tlie  formation  of  the  thrombi 
A  certain  amount  of  restoration  is,  however,  invariably  sf 
thereby,  and  when  the  contraction  of  the  organised  tistuaj 
becomes  somewhat  considerable,  restoration  may  €>ren  bo 
perfaob  that  the  whole  disturbance  is  reduced  to  a  trifling^ 
atenoeis  of  the  vascular  luxaeu. 

In  thii!)  respect  a  socoud  tormioation  to  whieh  thrombosis 
is  liable,  namoly,  calcijieatioti,  admits  of  no  comparison  with 
the  foregoing.     Wo  shall  have  to  defer  the  accuunt  of  lU 
origin  till  later ;  it  is  sufficient  hero  to  ostablish  the  fact  that 
lime-salts  are  occasioually  deposited  in  a  thrombne,  as  a  tuIqi 
after  it  has  undergone  considerable  contraction  through  k 
of  water  and  siecation.     This  process  of  calcification^  to  irhichl 
amongst  other  thing!)  the  phlcboliiha  owe  their  origin,  14,  it^ 
is  trne,  far  from  resulting  in  a  restoration  of  tho  original 
conditions  ;  nevertheless  it  may  be  classc-d  with  tho  faviu-- 
able  mctatnorphoAes  of  thrombi,  if  for  no  other  reaaon,  1>Dcaoi 
it  (or  c-ver  prevents  the  occurrence  of  softening. 

For  the  »often\ng  of  a  thrombus  is  the  termii 
has  alwHys  been  most  dreaded   by  phywii;--     ■  ■ 
and  with  reasuu.      la  itttelf  there  ia   not! 
plug,  if  it  do  not  organise,  should  aft«r  a  tiuui  i 
RJRtence,  and  tho  transformation  of  the  v-"-'-- 
thrombus,  iht>£ti  being  furthest  rvmoruil  1 
into  a  ihin,  pulpyjoily  Quid  is  in  truth  a  ma«'. 
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Tf  tho  thrombtu)  in  qncstton  bo  red,  n  red  Buid  is  found,  to 
bo  distiogaiflbed  from  normal  blond  bj  ita  browner  hae,  and 
«spMwU7  by  the  fact  tbnt  well-preserved  biconcave  red  blood- 
curpaaclos  can  no  longer  be  observed  m  it  on  microscopic  oxa- 
minatioD.     If,  on  the  other  hand,  the  softened  thrombus 
belong,  oa  it  nsnaUy  does,  to  the  wbit^j  or  to  the  mixed  variety, 
le  flaid  derived  frum  it  will  have  a  yellowisb  white  to  reddish 
fllow  colouration,  and  reminds  one  of  pua,  all  the  more  so 
not  onlj  i\^  creamy  or  viscid  Klimy  consistence^  but  also 
presence  in  it  of  smaller  or  larger  numbers  of  roond-collg, 
^5  Rhofrn  by  microscopic  examioation,  lends  it  an  nnmistak- 
ible  likeness  to  this  iluid.      The  noftening  and  liquefaction  in 
bo  interior  of  a  plug  is  in  many  casea  more  readily  recognised 
■  tho  sensation  of  6ncta»tion  communicated  to  the  examining 
jgCT  than  by  the  mirat  accurate  inspection,  for  very  often 
ID  ont4>rmost  layers  can  in  no  respect  be  distingaished  from  a 
slid  ajul  firm  thrornhns-masH,  and  only  after  an  inciaion  has 
Ben  made  is  tho  fluid  discovered.     Such  a  condition  may  be 
observed  with  extrotoe  freqaency  id  vodoqs  thrombi  of  all 
[inds  ;  farther,  central  softening  ia  but  rarely  absent  from  the 
lobular  regetattona  of   the  heart,  which,  indeed,   for  this 
>D  formerly  received  tho  name  of  jmmlent  rt/jtt* ;   ib  is 
'ftUo  Tery  comraou  in  thrombi  of  the  auricular  appendices,  as 
>11  as  in  the  larger  thrombotic  deposits  on  the  cardiac  valves ; 
id  lastly,  it  is  met  with  often  enough  in  the  parietal  thrombi 
the  aorta  and  other  large  arteries.     lu  a  dectdud  majority 
theM'  casea  nothing  noteworthy  or  unusual  ia  displayed 
ler  by  the  surface  of  tho  thrombus  or  by  tho  locality  in 
which  it  is  situated,  be  thia  a  vein,  au  arter}',  or  the  wall  of 
the  heart;  and  wo  are  therefore  justifled  in  coucluding  that 
Ifao  okamcter  of  the  entire  process  is  not  essenlially  modiHed 
by  the  central  softening.     Accordingly  it  would  appear  quite 
appropriate  to  term  tho  softening  in  these  caites  nimpU,  and 
ibonld  have  no  reason  whatever  for  regarding  thia  aimplo 
nng  aa  nn  undesirable  alteration,  were  it  not  (hat  the 
ton  of  emaller  or  larger  fragments  ia  thereby  facili- 
itcd,  and  thus  the  cbuoccs  of  embolism  onbanoed. 

•;  of  the  softened  thrombua  is  not  always 

.^in  cases  tho  wall  of  the  vessel  in  which 

id  to  be  hi  a  condition  of  mcst  tetm-ej^urum 
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Intl  injlnrnmation,  wliile,  wherever  particles  of  tbo  thtn  pul' 
tHcoouB  m%n»  lire  couveyed,  there  eoButTs  the  tnoet  violent  tn- 
lltimmation,  tvrininatiiig  iu  suppuratioQ  or  ovon  iu  neeroMS. 
YuL  thu  moflt  careful  iuttpcction  uf  tho  liqiififitHl  mutorial  !*»• 
veald  uo  dUtinctiua  whatuvur  Wtwcc-o  it  and  tht;  product  oi 
niuipli*  Koftuniug ;  it  »  thu  samt)  jellow  to  ivddub  yellow, 
ttinnciuus,  slimy  or  creamy  liquid,  which  indeed  bears  ftncfa  a 
iiLrikiPg  likeness  to  irne  pus  that  we  really  nknnut  l>e  luriu-uKd 
at  Ita  having  for  a  long  time  passed  as  snch.  True  we  now 
knoWf  since  Virchow  cleared  np  the  anatomical  history  o(  Uw 
process,  that  this  liqnid  is  not  pns,  and  oannot  (herefore  be, 
tut  Cruveilhier  supposed,  the  product  of  the  intlamcd  vosael 
wall ;  we  know  definitely  that  it  is  by  no  means  pUHf  but 
merely  pns<liko,  puriform,  iiot  purulent,  for  iho  simple  reacon 
that  it  is  nothing  else  than  the  product  of  the  tm/tenimj  and 
liquefacUoH  of  a  Mrom&iK.  Yet  you  will  have  all  the  mon* 
reason  to  ask.  Whence  then  arises  this  striking  difrvrvucof 
To  what  is  it  to  be  attribnted  that  the  liquefied  material  of 
a  thrombus  proves  OS  a  rule  so  perfectly  innocavus,  and  in  woay* 
cases  BO  exceedingly  pernicious  ?  The  behaviour  of  tUts  matc- 
rialj  rt'Hembling  U8  it  docs  that  of  ilu  albuminoid  substanoe 
undergoing  rapid  decomposition,  does  not  allow  of  our  attribu- 
ting tho  liquefaction  of  tho  thrombus  to  the  absence  of  rafr* 
Cttlarisation,  although  this  iiiny  pi-rliaps  suffice  for  the  ex]ibuia- 
tion  of  simple  softening.  Some  other  agency  must  evidently 
be  ut  work  here,  some  agency  whereby  the  softening ac4|nhva 
ita  specific,  we  need  not  hesitate  to  my,  iu/ti-liw  character,  i 
Miorosccpic  examination  acquaints  ns  with  this  other  agvaeyj 
inosmnch  as  it  shows  that  Imcly  orgautttuMi,  M-Aiumyrefar, 
preieot  in  thes«  cases. 

The  uamo  Bacteria  or  Sehiz<>myeelcg*  is  applied  to  agroopj 

*  CL  Putenr.  *  Aantl.  il.  cbim.  ot  [>liy«.,'  i  SiSo,  y.  i ;  Conitt,  m>d..  Iv 
p.  T189.  &c, ;  F.  Culin,  '  Ueitrii(^  z.  Biulngic  tier  PfUnuiu'  HL  i,  lift  x,| 
p.  i»7;  ¥.  RtyddiRtthsnMQ,  'Verb.  4  Wfirib.  jfhn.-tamL  0«^*  10  Jn 
1R711  S.  Kl«bc,'BritniKt>»irpatb.Aa«t(LS>-liiuH«u[<'      "  '' 

Bslbirir, '  Vin:l>.  A.,'  Ui.  ]•.  407 ;  EbrrtJi,  Ihii.,  UU,  j>. 
I«H,  Ji.  ag?  ;   nilltolli.  '  Untonnu-hiiiigi-u  uU'  ' 
18741  C,  Hurler,  in*  Pitlia-Billr.  IMliJ  i.  Al-i 
f.  Chir./  i.  p,  91  ,  <;,  Weignri.  *  Utbrr  pock. 
ol^yii»(n^TO  OntuKii  and  Afnn  Btmhao^  i.. 

71.  *  Ikdiow  Uifl.  Ww&sBHtkr.,*  1877,  Hot.  18,  19 . 
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of  org&ttisms,  wln'ch^  though  some  of  tbi?  smalleab  beings  of 

rlimh  i*e  hnve  any   knowledge,  possess  by  reason  of  thoir 

imonsely  widn  distribution   aa    importAQce  in    tbe   entire 

rouotny  of    nature    ttiat  cannot  be  too    highly  estimated. 

Tor  many  of  the  commonest  and  mosiimportvat  fermentative 

fracejarj'  depend  on  them,  as  we  have  learned  chiefly  from 

!tu  unsurpasAod  researches  of  Pasteur ;  and  no  less  dependt'al 

them  arc  all  the  processes  of  decay  and  putrttfaction  taking 

blivoe  in  the  orguuic  world.      The  buctehu  effect  Lhese  results 

py  abstracting  during  vegetation  certain  elements  from  the 

ib«tratam  in  which  they  hare  settled  so  as  to  bring  about 

le  dooompositiuu  of  the  latter.     Tbutt  they  are  in  the  fullest 

■nae  e*cittini  of  fermentatioa  and  putrefaction,  which  how- 

rw  bivorable  may  be  the  other  conditions,  never  set  in  in 

absence  uf  these  orgaDisms.      Moreover,  notwithstanding 

their  extraordinary  minuteness,  the  schizomycetca  are  capable 

)E  producing  importunt  effects  even  in  a  comparatively  short 

ime,  owing  tt)  (ht*  roully  incredible  capacity  for  mnltiplication 

inherent  in   them.     This  reproductive  capacity  is  so  charac- 

twrtstic  of  them,  that  it  may  be  looked  upon  as  tho  best  and 

«anst  criterion  of  their  vitality  ;  and  if  you  suspect  the  pre- 

BDM  of  living  bncteria  anywhere  you  need  only  introduce  a 

linimal  ijoautity  of  the  suspected  material  into  a  suitable 

lutntiTC  fluid  and  allow  it  to  remain  exposed  to  a  moderate 

HUpemtarc  in  order,  from  the  appearance  or  non-appearance 

tnrbidity,  to  arrive  at  a  definite  opinion  aa  to  the  lawful- 

18  of  your  suspicion.     For,  provided  the  nutritive  material 

i»  soitabte,  tbe  only  conditions  necessary  to  the  action  and 

laalti plication  of  the  bacteria  are  a  certain  mean  temperature 

juid  u  conam  degree  of  moisture;  with  too  high  or  too  low 

tvnipentture,  or  in  a  perfectly  dry  state,  they  do  not  thnve 

inuUiply,  oltliough  their  capacity  for  development  ia  not 

Iwaj-s  furl'i'itcil  in  consequence.     'ITus  being  the  position  of 

aSain,  it  ia  clear  not  merely  that  there  woald  be  no  obstacle 

tho  way  i>r  th<'  invasion  of  tho  living  oiiimal  body  by  bao- 

^ria  oud  of  their  Bubeoqucut  development  therein,  but  that 

aadiini)r>Ti    M^fr■  i\«  A«tiologi6  der    WoDdinf«ctionskruikh*>ten,'  Leifaig, 
sMditnn  Pilxc  in  ihtva  Urziehun^ti  zaden  InftctionN 
^    _   .  •  (iMiinillifliUpflngo,' HtiacliGa.  1877;  PbtIb. 'Lekrh.  d. 
;.  PalhVU.D.  ■!> 
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the  most  Fnvorable  conditions  wimld  lio  prescnttHl  by  U,  did 
not  the  covij}iitition  of  the  vital  vttitabolUm  Uicru  await  tfami. 
This  is  tbo  ronlly  deciKive  point ;  th<?  pos.'<ibilitT  of  tho  eotUe- 
menfc   Bud   moltiplicatitiu  of   whatever  bacteria  may  bo  in  i 
qDostioD  depends  on  their  ability  to  withstand  or  orcrcomc 
tho  competition  of  the  animal  metabolism.     Now  thu  fact, 
established  experimentally,  above  all  by  Nagoli,  that  where  i 
several  species  of  bacteria  fire  tugt'ther  pre«jnt  in  a  nutritive ' 
fluid  it  ia  usual  for  only  one  of  them  to  doveJop  Wgoroualy,] 
leaves  no  donbt  that  the  rital  energy  of  tho  varioua  Khijco-j 
mycctcB  ia  very  nneqanl,  and  it  is  simply  in  eonscqacnce  of 
this  that  by  no  meaus  all  species  of  bacteria  are  met  with  in 
the  living  body,  though  many,  it  is  true,  aro  fooad  there. 
The  trao  bacteria  of  putrefaction  do  not  belong  to  the  numW^ 
of    those    poaacBsed    of   this    devotopmental    capacity,    and! 
although  innumerable  multitudes  of  them  are  ut  all  times  j 
present  iu  the  digestive  tract,  they  are  nerer  found  in  the 
tumn  or  vessels  of  the  organism  while  the  body  ijt  in  • 
physiological  conditiou.     The  case  is  altered  when  icdividaal  i 
parts  have  lost  their  vitality  and  undergone  ooeroais  ;  it  is 
theu,  MB  you  will  hear  later,  something  very  common  indeed 
for  bact«ria  of  putrefaction  to  colonise  them  and  thcro   to 
undergo  the  most  active  develupmeut.     Since^  however,  a 
thrombus  is  material  arising   from  the  death  of  coluarlen 
blood-corpuscles,  so  that  ita  vital  metabolism  ia  certainly  ex-j 
tinct,  thero  is  nothing  a  priori  against  its  occupitt '      '  .  f>«e- 
(i^ria  of  putrefaction,  which  as  the  tpauU  of  theii  <^eiiki 

development    would    exert    their    ftpccifio    chemical    c&eetA-j 
Neverth clean,  the  bacteria  found  in  a  thrombus  und 
yetloa  or  jtHriform  ao/ttftiing  but  rery  exceptionally  1« 
the  species  defiignatod  after  ^^hteiiherg Bofttrivm  tfrnut^ythi 
we  have  gui>d  reason  t*i  regard  as  tlie  true  excil-  i      '      .  ;re-J 
faction.     Thos^  met  with  here  belong  rather  to  li 
present  usnally  called  t^^herobarterium^  or  still  better 
rrK<nw.     Ti  ,        '    ,:     1      .       i"       Alioite  sixe  %l^. 

within  cerU--  minute.      Tii> 

r&lations  may  be  most  ronveuiently  studied  in  anyputrefj 
~    "  *  '  :    ''         '  :'    V   are   in'.         '  '  '      '         "i 

.    _    are  not 
I.     On  examining  a  drop  of  Kuch  liijuid,  yim 
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find  iiuiQtnerable  niiyU  micrococci,  tlien  very  many  arranged 
jmira  or  forming  uliort  chaiiui,  and,  lastly,  cIo«oly-packod 
tten  beld  togothur  by  a  biud  of  gulatiuous  material.  These 
IB,  to  wliicti  F.  Coliu  gavQ  tlio  name  zooglaia,  am  always 
le  mofit  striking  obJL>cts  in  tltp  tiiicrt>fropi(.'  picture,  owinj^ 
not  BO  mucli  to  their  bulk  as  to  Lho  extreuii<ly  diaracteristic 
»hai/teen-likB  quality  leut  them  by  the  precipe  uuiformity  in 
nse  and  regularity  in  relative  pohition  of  iIk*  individual 
granaleB.  But  these  massea  of  micrococci  or,  as  they  are 
ultKt  called,  n>IoRi>«,  have  a  peculiar  importance  in  pathology 
■m  ihal  h\j  their  aid  an  ataolufely  certain  iliagnosit  becomes 
prorticahte.  During  the  lost  decado,  which  haa  been  so  ex> 
iraordinarily  fruitful  fur  the  study  of  bacteria,  mtcruscopical 
twhniqno  has,  it  is  true,  been  enriched  by  mimerous  ei- 
pcHit-ntH  calculated  to  give  preciaion  to  our  methods  of 
recoi^ising  them ;  thus  Weigert*  has  shown  that  the  micro- 
CTicci  of  the  colonies  are  strikingly  and  vividly  stained  by 
io«t  of  tho<te  colouring  matters  that  statu  the  cell-nuclei ; 
kd  R.  Kochf  has  recently  taught  that  single  bacteria  occnr- 
]g  in  a  liquid  can  also  be  coloured  if  the  liquid  have  been 
jviouBJy  allowed  to  evaporate  from  the  slide.  Hut  despite 
uudeniablu  progress  and  the  greatly  increoKcd  facility 
Iron  to  such  inveetigatdona  by  the  most  recent  improre- 
3uts  in  uur  microecopoa,  and  especially  by  Abbo'a  illami- 
ooting  apparatus^  I  stilt  hold  the  attempt  to  determiuo  with 
irfect  certainty  the  presenoo  or  absence  of  ifxtlatiul  micro- 
:i  in  a  given  locality  for  on  extremely  nice  undertaking, 
at  leaat,  shoald  not  like  to  trust  myself  to  pronounce  a 
ifinito  opinion  a«  to  which  amongst  the  innumerable  fine 
id  coarse  granules  occnpying  the  field  of  the  microscope 
when  a  drop  of  puriform  pulp  from  a  thrombus  is  placed 
ider  it  are  albuminoid  products  of  the  dis integration  of  the 
ibua,  and  which  are  micrococci.  Wo  shall  therefore 
ifine  oar  attention  to  the  colonies,  which  can  be  positively 
lowd.  Thofto  you  will  seek  in  vain  in  thrombi,  wherc- 
?r  veatcd,  that  have  undergone  atmple  softening ;  tbcy  are 
;nt  ^om  the  marantic  thrombus  or  the  thrombus  of  com- 
the  veins,  as  well  as  from  the  parietal  Ibrombaa 

rt,  "Vi.-brrptclwTulititiclieGebililc.ti-.,"' VircIi.A.,'luxir,p.37S. 
B.Kuc(i.  in  Colin'* 'Bettrhgcz.  Biol.dci  I'Aiiaxen,'  Bil.ii,  II  ft.  3,  p.  403. 
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of  tlie  aorta,  from  the  globular  vo^tafcions  of  tlie  recfs-wi  ol 
llie  liC'ftrt,  as  woll  As  fmm  the  ordiDary  llirombi  of  thti  uuh- 
cular  appondicvB.     Ou  the  contrary,  every  drop  of  ptilp  Erom 
Ibe  pariform  thrombas  of  oar  secoud,  infective  categi<r}'  i* 
wont  to  cootain  a  moro  or  less  large  oumberof  uoinistekablaj 
colouius.     TliDso  arc,  furtbermorc,  imitriBbly  foand  in  tlii 
form  of   t'tidiM-arditw  callod,  nith   refcrenco    to  its  counv, 
vndocarditis  ukerosn  or  maii'jna  ;   and,   indeed,  tbo  moMta' 
aro  bore  oh  a  rulo  mocb  larf^r  tban  in  tlie  purifonn  TfnoDi 
thrombi ;   lliey  oven   inSUnit<o  tbn  proprtr  substaaco  of  tbo' 
valve,  8ouietuni>s  to  aacli  iin  uxtcnc  that  the  swolUng  and  ia-j 
creasod  toIdiuo  of  the  latter  mnst  in  great  pan  bo  attn1)UttM|| 
to  tbc-m.     Lastly,  a  ttciirch  fcir  these  colonieii  in  tbo  embtrUl 
torn  away  and  carried  oil  from  a  thrombus  that  has  nodor-j 
gone  yellow  softening  or  from  an  nleoratod  tbIvo  will  bardl/j 
bo  nndertakpn  in  vain. 

To  prove  that  tbo  micrococci  aetnally  cunfer  on  the  tbrumbi 
that  malignant  and  infective  character  to  which  tbo  puralt*QC 
iaflnmniatioii  in    the  vicinity  affordtt  airiple   i'    :     < 
tbiDg  uioro  is  needed   than  the  mere  dcm'ii 
presence  of  colonies.     Does  it  appear  In  it»e]f  at  all  inoon* 
ccivablu    that    the  biicteria  may  liave  cotuoised  the  allAnd] 
and  diaiutegratvd  cougula  cud  purulcnL  loci  only 
they  there  found  a  Duil  peculiarly  suited  to  their  gruwtb 
dfvelopnitDt  ?     Yt't  a  number  nf  facta  of  uudii:     ■ 
importance  make  against  such  an  hypothL'sis.     '1  -^ 

ancommon,  eopecialiy  in  the  obbo  of  |>ersuas  who  hare 
in  conswjiiency  of  uloerntivc  endocardjtiii,  for  an  op)'  ■ 
to  he  aiforded  of  observing  in  diffen-nt  portiuna  of  iti     i 
ombolt  composed  of  colonics  of  micrococci   Horronndinl 
tissue  which  is  still  perfectly  miinjurod  and  iotool,  while 
ombobo  abscesses  ocear  in  which  colonics  arr  wnntiDg ; 
fact  permitting,  it  seomn  to  raa,  of  but  one  inUrpreiatii 
that  the  invasion  of  micrococci  alwavi^  preceded  the  inHi 
mation.      Still  moro  important  are  tht;  obaCTi'atious  wl 
have  been  accamolating  for  a  couiidurabla  period  with  tc{ 
to  the  nimoiil  t'jiiilimif  (icmrm^ 

pyvmiain  hoapitaU,  and  the  ap[u ::.  .^-    _     .. 

processes  ;  how  strongly  those  observatioDH  favour  the  so** 
dQiai  lower  orgaaiuns  are  nigagod  caimoi  uf  counw  be 
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qoatoly  apprccintod  bv  you  till  the  natnro  of  the  Tiros  of  the 

ynofectivo  (Iif4>AS(?«  has  been  thorL<ughly  diHCDSsed.     Lastly, 

^|0ii*  Titjw  iiiaiut»iut*(l  by  uo  iti  gretitly  titreiigtLened  by  the  cir- 

^nanut&DOO  thftt  puriform  softeniug  of  throoibi  with  cODSecu- 

^Mive  phWbitm  and  its  «eqiielft!,  which  at  one  time  constituted 

^Rhi:  vererust  scuiirgv  of  er^ry  Kiirgical  wtird,  has  fnuc*i  the  iu- 

trvdudioD  of  the  hUterian  treatment  of  tcounda  undergouu  the 

'      most  astotuKlitni;  iJi;creatie.     For  ereu  if  the  importauce  of 

luauy  of  tho  dutuits  vl  Lister's  method  be  6tiU  an  opea  quea- 

tioDj  one  fiict  at  least  is  firmly  uetablished — namely  that  oae' 

!       uf  its  undoubted  effticts  consists  in  the  creation,  by  means  of 

iresBJngB  charged  with  material  destructive   to   bacteria,  of 

mditions  highly  unfavorable  to  the  settlcmeot  and  especially 

thu  further  development  of  the  Bchizoraycetcs. 

Should  you  agree  with  mo  in  considering  these  reasons 

gnt,  and  accept  the  presence  of  the  micrococot  wm  the 

itenniuinj^  element  on  which  the  striking  difference  between 

le  softer ed  thrombi  of  coch  category  depends,  you  will  regard 

question  :   ir^^n^e,  atiH  by  tthai  path,  have  the  baeteria 

tached  the.  (hrombnn  ?   to  be  one  involving  issnes  of    the 

htmost  fundamental  importance.     This  question  is  readily 

mored  when  tlie  affM:ted  vessel  ia  in  direct  contact  with 

lOpen  WMUnd  or  ulcerated   surface  exposed  to  the  atmo- 

Por  should  the  i«urfac«  of  a  wound  not  be  protected 

suitable  means,  the  ubiquitous  bacteria  which  establish 

lemselves  everywhere  make  no  exception  here ;  indeed  they 

id  iu  its  secretions  and  still  more  in  the  pus  a  soil  ex* 

loly  favorable  to  their  subsequent  development.      Tet, 

rerer  easy  it  is  to  understand  that  micrococci  may  arrive 

thrombus  in  a  stump  after  amputation,  in  a  puerperal 

toroB,  or  iu  the  vicinity  of  carious  patches  of  bone  or  of  diph- 

itTitic  uk-ers  of  the  intestine,  the  circnmstauce»  on  which 

\ti  iofectiuu  dependfl  are  very  far  from  being  always  &o  appa- 

it.     So  it  is  in  the  first  place  in  cases  of  «pontun«otur 

.  na  it  is  called  in   contrast  to  the   traujnatic   form. 

^i;!  the  affected  individual  has  also  some  kind  of  wound, 

Jmr,  or  kbttc^aa.     Be  dies  with  all  the  signs  of  evident 

-  -iji»itiun  seems  more  plausible  than  that 

.4-      :  1:1   the  veins  bordering  on  tho  wound  or 

]4;or  has  nodergone  softening  aod  puriform  diaintegratioo. 
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Yet  yon  explore  all  the  reins  of  the  region  vritliont  coming'^ 
across  an^tliing  of  n  Euspicioua  cbfLmctor  ;  the  Innioo  tA  every- 
where pervions  and  the  vessels  themselves  quite  unttlterod  ; 
this  cannot  have  boon  the  start ing-poini  of  that  fata)  diieaw 
to  which  the  remaining  post-mortem  appcarttnces  so  iinmis- 
tnkablj  point.  Continue  ,vour  searcbj  howevor,  and  you  tud- 
deoly  come  upon  tho  typical  puriCorm  softening  in  the  vonou 
plexus  of  the  pelvis  or  in  the  maacular  veins  nf  on  extremity 
in  other  rcspoctc;  porfcctlj.'  intact.  If  even  in  these  cases 
Ihsro  ia  apparently  no  continuous  path  between  the  aofteufd  I 
thrombus  and  thn  point  of  entrance  of  the  micrococci,  wliore- 
over  tliis  may  have  been,  still  less  can  there  bo  any  qaeaiim , 
of  snch  continuity  in  tmdoeardUi/t  ulttroxa.  Nevortholeaa  yna , 
mu9t  from  the  start  dismi»a  all  thouifhts  that  thi?  bacteria 
could  have  arrived  in  tho  thrombas  or  even  tho  body  in  any 
otiier  manner  than  hy  penetration  from  tcithout.  I  am  well 
awAre  that  aiithora  of  good  repute — to  say  nothint;  uf  some 
utterly  nnscit^ntific  persons — defend  the  opinion  tlitit  mitrro- 
«occi  nnd  HimiUr  stmctures  may  arise  from  the  disintegration 
of  aaimal  cells ;  yet  micrococci  bitvo  never  so  far  l>een  ob- 
served in  a  loonlily  where  all  cimnce  of  their  entrance  fron 
without  was  excluded.*  We  shall  therefore  unconditionally 
inaiutAin  the  view  that  micrococci  sro  true  and  uiimiftiikabU) 
living  organisms;  and  the  only  iiuestion  il^  whether  their piv* 
gence  in  the  thrombus  is  to  be  referred  to  an  expreati  inva- 
sion from  without  or  to  an  a(x-)<K>nlnl  accumulatiijn  or  coUec 
tion  of  microbes  which  are  constunily  present  us  isohkled  tndi* 
vidnsls  in  the  jnices  and  tiKsues  of  the  phyaiological  orgiui- 
tBiB.  Tho  latter  nltenintive  is  evidently  bound  up  with  the 
poesibibty  of  eslabliHhiug  the  pre>^ence  of  liviug  bacteria  with 
a  developmental  capacity  in  the  interior  of  the  healthy  Irady, 
a  process  of  proof  which  for  renwus  readily  undor»toud  ran- 
not  be  carried  out  by  microacopic  examination,  but  only  by 
having  rocouTse  to  experiment.  But  the  only  DXfh;nm«nt 
which  cnn  hero  be  deciBive,  tho  examination  nnr  .iny 

portions  iif  the  body  which,  being  absolutely  prott^cL  ..  ..  ,_.!L»t 
the  access  of  aehixomyceles  from  without,  haro  boon  placed 

*  TliiK  cIm  itppIiM  to  tbr  piporitbonU  of  WciM^rlMir  anil  F#rb.  *  ArA,  LJ 
nrpArllliwnt.  P*tK.,*  vi,  fL    I  (j,  whu    '  [i-.bcTw  ni  temtiot)  prta[^«pj  «f  1 

inicroeaoot  id  the  reiiBlTrmelmof  tli'  r ooai|inw](in  <jf  tb»r.  rMatUl 
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ander  oonditious  favorable  to  tbe  deTelopmeiil  of  Uocteria 
— thiB  experiment,  I  say,  is  beset  with  very  cousideruble-  difH- 
culties  ;  and  yon  will,  therefore,  uot  be  HurpriseU  to  hear  that 
manj  tried  experiment^rB  have  been  thwarted  in  their  attempts 
overcome  them.  At  present  it  may  be  looked  npon  as 
rovod  that  the  juices  and  tisFUes  of  the  animal  organum  ichen 
in  a  healthy  candiiioti  rvnlain  no  examples  of  bacteria  capable 
of  development  and  multiplication.  This  holds  good  not 
merely  of  the  bantcria  of  patrefaction  whoso  presence  in  the 
Urtng  body  was  long  ogo  disproved  by  the  telling  oxperi- 
^Boents  of  Traabo  and  Gscheidlcn,*  bnt  of  tbe  bacteria  in 
^BfeiHiral,  as  was  demonstrated  chiefly  by  Moissnerf  in  somo 
^^Bzcelleni  experiments.  From  this,  however,  it  inevitably 
^■EdIIows  that  only  by  express  invasion  conld  the  micrococci 
^EfcaTO  reached  the  thrombus.  Nor  in  the  great  majority  of 
ca8e«  is  the  gate  by  which  they  have  succeeded  in  effecting 
an  entrance  into  the  body  far  to  seelc.  For  it  is  not  only  in 
ntaneoas  phlebitis  that,  aa  already  mentioned,  we  have  to 
mostly  with  individuals  who  have  somewhere  or  other  a 
oand,  a  purulent  focus,  or  the  like  ;  one  of  these  same  con- 
lions  is  as  a  rule  present  in  patients  affected  with  endocar* 
iig  uteenua  ;  and  how  large  a  contingent  is  furnished  to  this 
hy  puerpera!  bos  long  been  known.  In  fact  thero 
ns  only  a  very  smaU  number  of  cases  of  this  kind  in 
whioh^  despito  a  most  painstaking  examination  of  tho  ootiro 
body,  we  fail  in  Ending  a  pathological  gal^e  of  entrance  ;  and 
only  hero  aro  we  compelled  to  resort  to  tho  hypothesis  that 
tbe  micrococci  have  penetrated  from  physiological  tracts, 
mainly  perhaps  from  the  respiratory. 

Wo  shall  now  give  a  brief  resume  of  the  points  recently 
disenased.  Perhaps  tho  most  froqaont  of  all  changes 
undergone  by  thrombi  which  do  not  organise  is  softening 
and  liquefaction.  Thoagli  this  process  is  generally  iimocen( 
and  harmleuf,  in  a  number  of  cases  tho  liquefied  thrombus 
p  ia  proved  by  the  condition  of  tho  surrounding  tissno, 

■  TrauU  uud  G^^lK-iJIxii,  *  D«rt.  klia.  WoclienKLr.,'  1874,  Xu.  37. 
f  Cf.  RcwnWch's  report,  *D.  Zeit»rhrift  Kir  Chirurg.,*  xiii,  p.  3^,  t)i9 
ily»alhenti«  tcconnt  of  these  highly  intetntiag  esperimcTiU  which  hwt 
\>9p  to  iht  pTCHDt.    Burdon  Sftndenon, '  Qimrt.  Joarn.  of  SliertMeojv 
1871,  bu  wrired  at  tbe  Miae  concltuioo. 
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ftbove  all  hy  tliat  of  the  vessel  w«ll,  to  bo  ono  of  th«*  m 
ioFective  RubstaneoR  with  wliicli  liuiiian  ]):• 
This  poisonouB  cljaracter  Is  due  to  the  ]>r  > 

which  usually  gam  entrance  from  a,  part  in  diitiot  oodUkI 
with  the  vwisel  containing  the  thnimliim.  SomcMnn^c,  h«»w- 
«Ter,  they  are  conveyed  from  a  n-iimtfl  purulent,  ulreralt'il. 
or  wounded  epot ;  while  in  rare  ca»P8  tho  phyaiulogical  rospt 
nitory  or  digestive  tracts  are  perhaps  Ihi'ir  pliu-os  i>f  eticranre. 
Aft<'r  a  abort  jonmey  through  the  blood-  or  lym|)b-TasoDlar 
channels,  thoy  arrive  in  the  thrombus  and  rapidly  uuil 
further  dovelopinent  in  this  fftvorable  jwil.  [t  i«  pnwriblo, 
indeed  probable,  that  the  disintegration  of  the  lhn>mbniiii 
dne  to  the  action  of  these  schizomycotes  ;  it  isj  at  any  rate, 
certain  that  the  capacity  of  tho  disintegrated  nintimnl  u>  ex- 
cite inflatDTnation  depends  on  them  alone.  Thene  are  Xh^ 
cases  for  which  Virchow  iotpodnoed  the  term  "yellow  " 
"  pnriform  softening"  in  contra<liBtinftimi  to  tlio  simplo 
form ;  and  though  we  are  at  proseut  perfectly  well  »war« 
^tat  a  yellow  and  thoroughly  pus-like  liquid  alfio  results  fnin 
simple  softening  of  a  white  or  mixed  thi-onibus,  and  Ihe  uaue 
hois  therefore  lost  the  meaning  which  Virchuw  intended  it  lo 
convey,  we  shall  nevertheless  do  well  to  ruloin  thia  pimple 
expressiou  now  that  it  has  become  naturalised.  Yournttuo* 
ttou  has  been  repeatedly  called  to  the  complete  diiisimilanly 
existing  between  the  schizomyoetcs  cauning  punform  mften- 
ing  and  ihe  Ijacteria  of  putrefaction.  But  as  though  to  pal 
this  t^  tho  test,  and  ao  to  convince  any  of  yun  who  may  bo 
nuable  to  get  rid  of  tho  idea  of  their  identity,  tht^ro  ta  a 
genuine  undonbtedty  putrf/acUvf  aoflming  which  ncmrs  in 
thrombi  seated  in  veins  that  are  in  contact  with  intvniiely 
putroBed  anrfaccs  ;  thus  it  is  in  the  uterine  veins  in  putrid 
endometritiH,  in  tho  veins  of  the  h>g  in  gnngrcno  of  a  Ktump 

after  ampntation,  and  in  the  pnlmonary  veins  in  gw ' 

pulmonum.     In  these  happily  rare  eastm   the  tb»iii. 

trHnsformed  into  a  disculoured,  ichorons,  or.'  -ij 

P*P»   ff'^OR  off  the   odoriftroiai  produftM   it) 

every  true  putrefaction,     Soch  odoriferoua  pr<  ■ ! 

are  entirely  absent  from  a  thrombus  uudetv«>iii^  n 

yellow  softening,  and  tho  dinctised  foci  arixiug  •■•■' 

influence  of  porifbrm  plugs  in  tho  Tosseb  are  ah»c 
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ril  smell.  Tbufi  an  a  fortutri  proof  is  affordc'd  tliat  yellow 
((toning  is  slt*.>getlier  "lifFcrvnt  from  putruf action,  and  is 
itbor  a  epecijir  b<ictcriat  ^'ect  or,  bofctor  expressed,  nn  effect 
of  irptcijic  bacteria — of  baoterift  which,  it  is  true,  are  often 
ind  nsHOciated  with  the  bacteria  of  putrafoction.  At  least 
would  be  o&sier  on  the  latter  assumption  to  understand 
how  it  is  that  yoUow  puriform  softening  ahonM  also  tako 
pIiiRC  in  thrombi  Boatcd  in  Tcins  liordorin^  on  a  focus  of 
putrid  decomposition,  just  oa  often  if  not  oftoner  than  does 
the  putrefactive  softening. 

For  the  rest  it  is  obvious,  without  further  explanation,  that 
)t.h  yellow  and  putrid  softening  favour  the  separation  of 
articles  from  the  thmmbuR,  and  theroliy  tho  oecurronco  of 
ibolisnt.     On  mectinjf  with  a  puriform  embolus  in  an  artery, 
jn  may  oven  venture,  ns  a  rule,  to  conelndo  unhositatiTif^ly 
it  is  derived  from  a  Boft^ned  thrombua,  althoug'h  thorn 
nothing  in  principle  ngiiinst  yellow  softening  of  a  simplo 
ipiu;t  embolu-H  under  certain  circnm stances,  jnst  as  tho 
embolus  may  under  other  circumstanccfl  organiao. 


Having  followed  till  now  the  varioai;  destinies  of  a  thrombnn 
re  are  confronted  with  a  further  task,  namely,  the  discussion 
the  import  of  thrombosis  and  embolism  to  the  organism. 
Te  naturally  first  turn  ourattentiou  to  the  purely  iwchanical 
f^cU  on  tho  blood-stream,  tho  more  bo  as  we  have  already 
hit  ao  thoroughly  with  tho  local  disturbances  of  the  cirou- 
that  this  aspect  of  the  question  may  be  dismissed  after 
comparatively  hriof  consideration.  At  this  advanced  stage 
of  our  discussion  I  need  hardly  show  in  detail  that  a  thrombus 
may  bo  regarded  aH  equivalent  to  a  resistance  interpolated 
in  the  vessel  in  which  it  is  seaieil,  and  that  the  mechanical 
effects  of  thrombosis  are  practically  the  same  as  those  fol- 
lowing an  abnormal  increase  of  resistance,  whose  highest 
_d^TW9,  resalting  from  the  complete  occlusion  of  the  vascular 
tmen,  is  here  reprosentcd  by  the  totally  obstructive  plug* 
It  all  thrombi,  whcthor  solid  and  firm  or  softened,  have  the 
lect  of  increasing  the  resisLaoce,  simply  because  the  physio- 
pcal  integrity  of  the  vessel  wall  or  tho  lumen  will,  it  is 
it,  novor  bo  ro-oatablished  by  tho  softcoiug.  With  the 
of  an  increaao  of  resiataace  oa  the  ciroulatioa  our  pre- 
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rions  diBonssion  has  made  70a  perfectly  eonversunt.     Am  re- 
gards the  Toins  in  the  first  ptaee  yon  knew  that  overytbtog 
depends  cm  the  existence  of  compensating  coodiiions, by  whww 
aid  the  projodicial   effects  of  the   ahnorniftl  t«sistanoe  ai« 
neutralised.     H  chanuel*  Iw  present  capable  of  carrjring 
Iho  blood  fi-om  the  vascular  area  in  whose  efferent  Te«M)U 
reitistanco  has  been  interpolated,  we  may  certainly  look  nponj 
this  occurrence  as  a  wholly  insignificant  accident.     Should, 
on  the  contrary,  efTon-ut  channels  be  wanting  or  insufficient,] 
there  will  be  ou  the  peripheral  side  of  the  bindrauoe  retardi 
tion  of  the  stream,  stagualiou,  erowdiiiy;  together  of  the  blood-] 
corpuscles,  and  wdeina.all  more  or  k-iut  iutcuse  in  propor1ii*i]J 
to  the  interference  with  the  efflux  as  compared  with  lb« 
afHus  of  blood.     Should  st^^tion  be  extreme,  diapedcsis^ 
of  the  red  blood-oorpuscles   may  occur  as  a  complication.^ 
If,  lastly,  the  escape  of  blood  bo  fully  and  permanently  pre- 
vented, by  the  abuonnHl  resistance,  doiUmetion  of  the  nffected ' 
organ  is  the  ine^'ilablo  rttKuH. 

Applying  these  facts  to  the  thrombosis  of  veins,  we  fiml 
numerous  cases  in  which  thu  occurrence  is  quite  harmlcsit 
indeed  indifferent  to  the  circolation.  So  it  is  when  tgmut 
the  branches  of  n>  venons  plexos  or  ono  of  two  com] 
veins  has  undergone  thrombosis  ;  the  efQux  is  then  in  mi 
interfered  with  even  by  a  completely  obstructivo  thrombair,| 
to  say  nothing  of  a  partially  obstmctive  one.  Where,  on  II 
other  hand,  roagnlation  occurs  m  veins  hnving  no  roomy  col- 
laterals,  we  must  be  prepared  for  more  serious  oonae<}ueQc^a. 
Ascites  is  rarely  absent  in  thrombosis  of  tbo  portal  vein,; 
the  occlusion  of  the  r./^morti/ur  and  its  tributaries  ts  '-■ '' 
by  oedematouB  swelUng,  either  of  tho  ankle  alone,  vi. 
thrombosis  be  extensive,  of  the  entir«  leg  oif  evon  thq 
Should  we  nevertheless  come  acroBs  a  venous  (V- 
may  be  of  the  obstructive  variety,  which,  nlthon 
tomical  nrraugemeut  of  the  vessels  be  uufavor 
attended  by  prejudice  to  tht.-  circulation  tl^ 
concerned,  two  factors  will  have  bt^tiu  iullueir.— 
this  possible.  In  tho  first  place  the  tariUnvM  r 
thrombua  always  dovelo|w  :  fr^  ■ 
attains  i>uch  a  siao  as  to  caneec<.'..  :  _.. 
complete  occlodion  of  the  venous  lumen.     ^^ 
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^achwald  ligatured  onv  of  tlie  ti,  renaUs  in  a  rabbit  or  dog 
iaTarinble  regnlt  was  a  high  degree  of  atrophy  of  the 
^rgau,  which  after  soreral  days  succeeded  the  primary  Rwel- 
Uiig.*  In  contrast  to  this  it  is  by  ao  means  uncommon  to 
find  in  the  dead  human  body  a  completely  obstructivo  throm- 
bosis of  the  V,  renali^  and  its  larger  braachea  without  any 
structural  change  in  the  kidney^  indeed,  wiihout  any  condition 
of  the  urine  infra  vUam  that  might  have  pointed  to  a  disturb- 
ance of  the  renal  circulation.  How  is  this  to  bo  oxplained  t 
Very  simply  by  the  fact  that  in  the  latter  caso  the  occlusion 
of  the  rein  camo  about  slowly  and  gradually,  so  that  sufficient 
tamo  was  allowed  for  tho  formation  of  now  offluonla.  Tho 
tho  quantity  of  blood  escaping  from  the  kidney  through 
I  v.  rfinatiM  owing  to  the  continuous  growth  of  tho  thrombus 
grffttflr  tho  amount  flowing  off  through  the  capsular  veins, 
ito.,  till  iinally  the  lattor  took  up  tho  whole  of  the  blood  sup- 
plied to  the  organ  by  tho  renal  artery.  In  the  second  place 
tbo  compensation  of  circulatory  disturbances  in  venous  throm- 
boaia  is  uncommonly  faoilitatod  by  a  circumstance  to  whoso 
importance  I  have  already  called  attontionj  namely,  that  while 
conflation  of  tho  blood  in  the  capillary  vessels  occnrs  only 
fter  mortification  of  their  walls,  t.  e.  in  necrosis  of  the  part  of 
ie  body  implicated  (in  which  case  a  restoration  of  the  circu- 
woold,  of  course,  be  out  of  the  question),  the  marantic 
l&OMtf  and  tkrombotejt  of  compresnon,  ta  thort  all  the  80- 
tlbd  thromhote/t  of  ttaynation  never  extend  to  the  capillarie*, 
are  never  propagated  through  them.  It  is  obvious  that 
10  nuuntononce  of  the  smallest  vesaels  in  a  pervions  condi- 
ts  vastly  more  favorable  to  the  re-ejilabliahment  of  a  free 
^ircolation  than  is  the  immediate  compensation  of  the  circu- 
latory disturbance  caused  by  the  thrombus.  For  even  in 
ihiMO  cases  where  all  the  consequences  of  marked  stagnation 
ITO  prevailed  for  a  long  period^  it  is  thos  rendered  possible 
ir  the  venous  channels  which  have  meanwhile  enlarged  or 
ivo  been  newly  formed  at  last  to  effect  the  removal  of  the 
3US  blood.  The  aidema  is  then  seen  to  decrease,  tbo  ox- 
itly  reaiwunes  its  natural  size  and  oolonr,  results  which 
iiy  be  maCorially  furthered  by  tho  canatisation  of  tho  throm- 
I,  shonld  thw  happen  to  occar. 

•  LiUfOTiBdBiichwsld.  •Vi«h.jl.,*br'  -  •  • 
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The  mcchnnic&l  effects  of  simple  venous  tbroinboHM 
gonerally  thoso  arising  from  stainiBtioD,  nnd  when  otl 
signs  appear  in  a  part  in  whose  vetn^  tliromUosis  Uam  tnkol 
place,  tliese  depend,  as  a  rule,  on  some  complication  or  oUiei 
Sach  Iwog  the  fact,  you  will  thiuk  it  unnecessary  t-o  dwcl 
any  longer  dd  the  discusiiiou  of  those  coiuteijuencea ;  for 
an>  all  able  to  accouot  fur  the  chemical  coDBtitutioD  of  t1 
OBdema  in  thrombosis,  nnd  can  withmit  difficulty  iufer  thu  ct 
ditiubs  in  wbioii  the  tritiiKadatton  will  be  coluurless^  or  mt 
or  less  tinged  throngh  admixture  of  blood-corpusclea. 

In  plugging  of  the  arteries  the  point  of  critical  importnoc 
in,  as  in  venous  thromboKis,  tlie  presence  or  abtwnce  of  cool 
tions  favorable  to  oompeoaation — is  there  beyond  the  pluj 
between  it  and  the  capillaries,  a  BuSioiently  large  artvri 
anastomosis  with  the  okstmctcd  TC!^sel  f  If  tboro  be,  it 
obvious  that  the  ping  bns  not  the  slightest  palhulogiral  it 
portance.  The  portion  of  the  artery  lying  between  tb#  col*1 
laterals  immediately  above  and  below  the  ping  will  himp^ 
bo  excluded  from  the  circulation ;  and  should  organisalioii 
nf  tho  clot  cnsno  later  on,  the  portion  in  qncstion  booaaif* 
trauBformed  into  a  sMid  fibrous  cord,  or  there  arisoa  &  baw^ 
thongh  narrowed,  Itimen.  But  thrombosis  or  embolJMn 
an  artery  is  harmlefis  uiily  when  tho  distal  anastomoiu» 
roomy  enough  to  accommodate  tho  full  anutuiitof  blood  which 
woold  normally  have  passed  through  tho  vessel  now  occli 
For  while  small  arterial  vessels  can,  as  yon  know,  ^f' 
siderably  in  Tolumt*  utt  the  result  of  eongestinn,  to  . 
certain  time  varying  from  %  few  miniitca  io  »  realty 
interval,  it  may  be  somo  days,  is  under  all  circumitli 
indispensnbU*.  Uence  throiubogis  of  au  artery  is  a  much 
nnfavorahle  event  than  embolism,  at  least  than  oompleiolj 
obstructive  embolism;  for  the  partially  obi-t  'i 
must  iu  this  respect  have  precisely  the  eami-  ■ 
developing  thrombosis.  In  tho  latter  there  ia  time  ei 
for  tho    small    c«>lloterals    (o  dilate  gradnally,  ' 

affected  part  is  never  deprived  of  orierial   blo<ii., 
being  little  less  than  normal.     When,  on  the  oontrafy, 
embolns  instantaneously  and  complutely  bli    ' 
into  which  it  ha«  travelled,  thnro  must  be  an 
whiob  t^o  supply  of  arterial  blood  to  tho  ptxl  is  much  bel 
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noraMkl,  ^  «.  if  tho  oolbtlerftls  presrat  aro  insafiicieot  to  aocotn- 
flkodal*  lh»  nonnU  qnantity  of  blood ;  id.  m  word  th«  pari 
oust  become  aonnic.  It  will  depend,  on  the  ono  hAsd,  oa  Uw 
degree  of  annnift  sad,  on  tbe  other,  on  the  spectMl  anatomieml 
atrvctnrv  of  Uio  aflecCed  orgsne  and  their  Teseeb,  espoctoUjr  od 
their  potrar  of  roButBace  or  their  rnhierttfaility,  whether  *n^ 
fartbor  penucieas  effects  ensue,  and  what  these  are. 

AasH&ia  noat  aUo  be  the  rosnlt  when  a  terminal  artery 
heeones  the  seat  i>f  a  partially  obstmctivo  thrombos;  while 
the  fumatioo  of  a  conplotely  obstrootiTo  ping  must  alwsjrs 
have  the  effect  familiar  to  you  from  onr  di«cn»rion  of  the 
oMueqneooGs  of  ooclusiouof  terminal  arti-rieii.*  If  the  indi- 
Tidoal  meeting  irith  this  accident  Utos  long  enough,  there 
arbwjii  in  adrmooe  of  the  ping  cither  an  nncotnplicoied  necrosix 
or  a  neoraets  BBsociatod  with  engorgement,  and  aa  a  resnU  of 
the  latbrr  btcraorrhagic  infarction.  Which  of  the  two  makes 
ha  appoamnco  depends,  &»  jna  will  remember,  either  on  the 
preaiuice  ia  the  rents  of  ralTca  cajmblc  of  hindering  the 
reflnx  of  blood,  or  on  the  existence  of  other  checka  to  engorge- 
ment by  Mo<.)<l  flerivcd  from  the  veins  or  cApillaries.  One 
puint,  hovr^ver,  I  Ue«ife  to  emphasize,  that  if  the  artery  be 
a  tonninal  one,  it  i»  quite  immaterial  whether  the  obetruction 
be  dne  to  a  local  or  a  propagated  thrombosis  or  to  embuHam. 
Coapensatory  conditions  do  not  exist  here,  and  thn&  the 
differeoce  between  thrombosis  and  emboliam  amouniti  only 
and  Holely  to  this,  thai  in  the  former  the  effects  are  gradually 
developed,  whitt*  in  the  latter  they  suddenly  eet  in.  The  part 
in  whoso  tcmunal  artery  tt  alowly  growing  thrombus  estab- 
liahea  iteeU,  rrrc<i\itg  less  and  less  blood,  till  tinally,  when 
thff  ping  has  become  totally  obstructive,  it  is  entirely  robbed 
of  itfi  blood-snpi>ly  and  falls  a  prey  to  that  necrosis  which 
would  ba^x  been  its  lot  from  the  start  had  an  euiboliis  sud- 
denly blocked  the  lumen  of  the  artery.  The  only  difference 
is  that  the  engorgement  and  hnamorrhagic  infarction  may,  for 
TBiuioM  readily  undorstood,  appear  somewhat  more  fre<piently 
m  front  of  an  embolic  obstruction  than  in  front  of  a  slowly 
developiug  thrombntic  one. 

In  atf4^mpting  to  sum  up  the  resoltH  of  arl«rial  obfltmriitm 
in  rolns  of  general  application,  ono  must,  in  my  opinion, 
*  CohobenB,  '  not«nti«htuigea  ubcr  lUo  nubol.  Fraeeew.'  BetUa,  1S7Z. 
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•rsfltrict  oneself  to  the  foregoing.      Eren  so,  tbe  grest  nuiel 

•of  characters  assnmed  by  the  effects  resulting  from  the  h 

nnatioD  of  arterial  plags  cannot  have  failed  to  atriko  ji 

ilA  one  time  it  is  an  erent  of  no  consequence^  at  anotbor  ii 

immediatelT  fatat ;  here  it  prodnces  anasmia,  there  nfci 

it  ifl  sometimes  accompanied  by  hmmorrbage,  sometimes  i 

Moreover,  on  calling  in  the  experiences  of  pathology  to  ytmr 

assistance,  yon  are  very  soon  confronted  by  occurreaceqj 

apparently  cannot  bo  bronght  within  the  limits  of  tha 

-ciples  set  forth.     Nothing  is  more  common  than  to  meet 

with  obstmctire  emboli  in  tbe  branches  of  the  pahnoiuuy 

artery  without  the  parenchyma  of  the  long  pK-senting  lfa«: 

>ieaat  deriation  from  the  normal,  while  only  too  commanly  < 

yon  see  the  foot  become  gangrennns  in  old  people  in 

•qnence  of  thrombosis  of  the  arteries  of  the  leg.     How  is 

'former  to  be  reconciled  with  the  fact  that  the  whole  of 

-branches  of  the  a.  pulmonaliii  are  typical  tennioal 

and  the  latter  fcith  the  wealth  of  anastomoaea  and 

in  the  arterial  system  of  the  skin  and  muscles  of  the  Ic 

extremity  f     In  order  to  clear  op  this  apparent  conti 

A  most  careful  analysis  of  iadividaal  cases  with  respect 

theirrariouK  anatomical  and  physiological  relations  is  reqaired. 

The  circumstance  that  such  an  analysis  can  be  mors  pei^ 

fectly  carried  out  here  than  in  the  great  majority  of  morbid 

processes  is,  in  my  opinion,  the  ground  which,  since  Virchow 

laid  the  foundation  of  the  whole  doctrine,  has  made  throat 

•bosis  and  embolism  a  favourite  study  with  patbologists.     Ton 

yourselves  will  very  soon  be  convinced  that  here,  too,  as  so 

'frequently  happens  in  tbe  natural  sciences,  the  detailed  cxa* 

minatiou  of  apparent  exceptions  to  a  fundamental  bw  only 

leads  to  stronger  confirmation  of  that  law.     Will  yoa  pomii 

me,  with  this  object,  to  examine  with  you  aomo  of  the  nars 

frequently  occurring  and  therefore  more  important 

this  domain  of  pathology  ? 

Fixing  our  Attention  first  of  all  on  a  region  in  which' 
arteries  intercommunicate  by  more  or  less  ample  anastomt 
we  find  as  a  matter  of  fact  that,  in  exact  aceordaneo  with 
precfflioeired  notions,  embolism  of  the  arteries  of  the  mi 
cl«a  and  skin,  as  well  as  of  the  acinous  gland*  and  ot 
localities,  is  nnattendod  by  any  impairment  whatever  of 
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tioD  aod  fuDCtiozi  la  the  part  affected.     The  same  holds  good 
o(  tRi>latt»d  plugs  tu  tUo  iutestiual  artrories^  and  is  no  less  tme 
of  tho  ubetruction  of   any  ooe  of   Uio  ve&soU  forming  the 
cirolo  o£  Willis.     The  circulatiou  through  the  area  in  which 
thu  ptog  haa  become  fixed  i&  not  even  momentarily  disturbed 
in  ihcee  casm.     But  the  fact  that  the  collaterale  have  here 
an  approximately  equal  calibre  hannoDisea  emineubly  with 
thin  roenlt.     Advanoe  a  stop^  howorer,  take  instead   of  a 
MHgle  ranscle  an  entire  extremity,  or  instead  of  a  single  loop 
the  entire  of  the  sraall  intestine,  and  the  conditions  are  at 
ice  altered.      For  the  arteries  enttiring  an  extremity  are  of 
J17  aneqnal  calibre  ;  besides  the  principal  artery  there  are 
aral  others  of  mach  smaller  dimensions :  and  while  the- 
'bbmII  intestine  is  supplied  by  many  rami  duodenaleg  derived 
from  the  a.  pattcreaticthduodenalu  and  by  rami  colici  gireu 
off  by  the  a.  mfefenteriea  in/eriorin  addition  to  ita  chief  afferent, 
the  rt.  mraentortca  fuperun;  these  are  very  far  from   compar- 
able to  the  last  mentioned  in  point  of  size.     If  now  in  such 
a   territory  the   principal   artery  becomes  oocladod   by   aa 
(.•mboluD,  the  law  previously  referred  to  asserts  its  sway,  and 
a  0!rtaiii  period  must  elapse  before  the  remaining  arteries 
can  become  sufficiently  capacious  to  convey  an  adequate 
quantity  of  blixxl  into  the  extremity  or  intestine.     If  mere 
relaxation  of  their  t«aic  contraction  were  all  that  were  re- 
quired the  anemia  would  soon  be  at  an  end  j  but  it  is  by  nt> 
means  all.      With  regard  to  the  iuteutiue  Littun*  has  demon- 
strated directly  that  the  pressure  under  which  the  blood  nor- 
mally flows  in  the  arteries  is,  after  cloeore  of  the  a.  maun- 
ti-rica  Huperwr^  not  even  approximately  capable  of  supplying 
the  customaiy  and  iicceHsar)'  amount  of  blood  to  the  small 
intestine  through  the  above-mentioned  collateral  branches. 
UoreoTer,  the  rapid  fall  in  the  teniperature  of  a  leg  in  whose 
«.  ftmoredui  an  embolus  hue  been  arrested  leaves  not  the 
■lightest  doubt  that  the  quantity  of  arterial  blood  now  re- 
cotreil  by  the  extremity  has  fallen  considerably  below  its 
former  valne.     In  the  lower  extremity  in  man  compensation 
talccA  place  only  slowly  and  gradnally,  in  the  course  of  somo 
days,   throngh    progressive  increase   in  the  volume  of   the 
eolUteral  arteries.      The  leg,  which  was  at  first  quite  numb 
wad  OWTAble  with   difficulty,  parotic,  regidns  its    warmth^ 
*  LiltcD, '  Vireb.  A.,'  Iziii,  p.  389. 
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seoeibili^,  and  muscular  power,  aiiil  not  till  then  are 
iletriinental   offecte   of   the   emboIiHiii   compensated.      ThiUt^ 
despite  tho  presence  licro  of  arterial  coUatcrals  l>ej'OQd  tba' 
Beat  of  obstmction,  several  days  an>  recjoired  for  the  romonl 
of  the  ctrcnlntory  disturbance.      In  tho  case  uf  the  small  ii 
testinoj  however,  affairs  take  a  much  worao  turn.      For  hi 
a  second  factor  has  to  be  considerod,  namely,  the 
SQECoptibtlitT  of  the  organ  and   it&  Toeaels  to  injury   fr 
insufficient  blooil-tnipply.      If  tho  circulation  thrdtig*!!  the  ii 
tostinal  vessola  cease  or  be  greatly  diminished  even  for  »  fe 
hours,  it  may  happen   that  its  rc-ostsbltHhrncnt  will  be 
longer  possible.      But  even  should  it  be  rcHturt'd,  tho  nuthtic 
of  the  walls  of  the  intestine  has  generally  aulTered  bo  macl 
by  reaaon  of   the  ischatmia,  that   the   timp  when   gangreut 
might  have  been  averted  in  alrpady  pas<ied.     It  is  therof 
at  once  apparent  that  in  emboti«un  of  the  a.  nuxetUerifa 
intestine  is  not  secured  againnt  necrosis  by  the  <  o 

the  oft-mentioned  collnterals.      1  may  add  that  '. :  n 

is  ftsiMciated  an  a  rale  with  biemorrhagio  infarction.  lArtl^ 
in  an  area  abondantly  provided  with  collaterals  the  formatic 
of  plugs  in  arteries  may  be  quite  as  fatal  should  aereral, 
«tUl  more,  shoold  all  the  afferent  vesaels  be  aimultaneouidj 
affected,  for  it  is  obvious  that  a  collateral  which  Ins  itself 
beeome  imperviops  is  worthless  for  purposes  of  compuusatk 
If,  for  example,  the  a.  tihialiB  antica  mud  puttica,  and  perlia[ 
some  of  their  larger  brauches^  bo  obstrucliti  in  tlie  leg,  tbu 
is  at  least  as,  if  not  more,  dotrimeutal  to  the  circi 
through  the  foot  than  would  bu  tho  occlusion  of  the  Hi* 
aKienw  to  the  blood-supply  of  tho  entire  cxtmniky. 
eimoltaaeous  obstruction  of  the  arteries  just  m«ntwn«d 
often  been  observed,  and  an  extensive  thrombosis  in 
arterial  area  in  consoqaonce  of  Hc]nrot.in  aud  athvi 
changes  iu  the  intima  is  far  fnim  uncommou.  Huch  am 
rial  thrombosis,  when  arising  in  an  individual  wbooo 
circulation  is  feeble,  e.  y.  in  olil  men  mth  fatty  heart  or  unj 
severe  goneral  diaturbaneo,  will  be  still  mur«  likfly  to  wiiakei 
the  oiraalation  in  tho  legao  aa  t4i  disturb  iUi  uutritioo. 
was  this  oomplicatiuu  I  had  in  mind  whrn  ':  '  am' 

plete gangrene iaoftencvoiced by  coogulattou  ...      ..i.-j< 

tholeg^althoQgh  arterial  anastomoara  are  not  wonting  thei 
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Oa  the  other  hncd,  there  exist  in  the  orgAitisoi  a  multitude 
<»f  vaKCular  ftroas  with  typical  torminal  ortorics,  which  oftoa 
enough  become  the  aoata  of  plugs  ;  for  example,  the  puluio- 
anry  artery  with  its  brauches,  the  a.  rena/w  and  lienuliitf 
with  the  branohes  in  the  iDtorior  o{  the  organa  supplied  by 
then,  the  corooary  arteries  o£  the  heart,  the  a.  ceniruli» 
fgltmr  and  Uoubner's*  so-called  baaal  territory  of  brsuch 
artorioa  beyond  the  circle  of  Willis.  Wo  may  also  include 
here  tlie  venn  portm  or  ratfaor  its  ofTseta  within  the  liver, 
bearing  in  mind  tho  conrso  andnrraagomenbof  its  branchee. 
Now,  what  nro  tho  coDseqaencea  of  thrombosis  in  these 
TCOHela  ?  We  find  bore  a  aeries  of  facts  in  most  perfect 
aceordaBce  with  tho  roquiremotita  of  tho  lawa  formerly  laid 
down.  Take,  for  instance,  the  immediately  fatal  effect  of 
utnbolinn  tn  anch  of  tho  terminal  arteries  as  cannot,  even  for 
u  xhort  time,  bo  withdrawn  withont  danger  from  the  circula- 
tion. When  tho  main  branches  of  the  pulmonary  artery  of 
both  flidoa  are  occluded  by  large  plugs,  denth  takes  place 
inntAtiUtnconsly ;  in  tho  first  place  because  the  interchange 
•of  gases  in  the  lungs  ceases  at  the  moment  embolism  occurs, 
knd  iu  tho  second  place  because  tho  supply  of  blood  to  the 
brain  and  medulla  oblongata  is  of  necessity  cnt  oS.  In  these 
suddenly  fatal  cases  we  have  usually  as  a  matter  of  fact  Lo 
d«al  with  embolic  obstruction  of  the  priucipal  branches  or  at 
least  of  branches)  of  the  second  order ;  nevertheless  it  is  by 
no  means  impOHsible  that  the  occlusion  of  smaller  branohes 
may  be  fatAl  if  very  large  numbers  of  tbem  are  involved. 
Vhonrur  lias  cxiierimcnted  much  by  injecting  finely  divided 
anbatances  in  sospenaiou,  e.  g.  vermilion,  into  Uia  v.  iugularMj 
has  C4?rtainly  suddenly  lost  many  an  animal  in  the  midst  of 
bis  e;xperimunt  only  and  solely  because  too  large  a  number 
of  the  minutest  patronnary  artorioles  have  become  occluded. 

Wbilo  in  these  cases  ilie  development  of  the  other  conso- 
qneneea  of  arterial  obstruction  is,  of  course,  impossible,  it  is 
ont  so  when  the  plug  is  seated  in  one  of  the  other  above- 
mentioniH)  arteries  or  in  one  of  their  branches.  The  occlu- 
stOB  of  a  ruronary  artery — in  case  it  does  not  prove  fatal 
through  the  remarkable  mechanii^m  formerly  diHcnssed  (p. 
2S) — leada  to  tho  destroction  of  tho  contractile  substance 
*  IlrntitMr.  *  I>ia  IttrtUohea  KikranlnmgeB  der  UtroartcrieD,' Leipaig,  1874, 
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of  that  portioD  of  tho  heart  which  is  fed  by  the  uffeoted  [kftevy,  j 
and  afterwards  to  the  formutioD  there  of  so-called  mjrocardit 
indurationa.     After  obstruction  of  the  a.  banlaris — olearljr^ 
inToWing  at  the  same  time  the  occlaeioB  of  the  bnmcbsB 
given  off  within  tbo  compoas  of  the  thrombna  and  paHaingto 
the  pODs  and  the  upper  portion  of  the  medulla — I  »aw  quit»l 
recoDtJj  a  typical  picture  of  acute  bulbar  paralysia;  and  the 
thrombosiB    or  embolism  of  an  artery  of    Hfubnor's  basal 
territory  is  inrariably  foUowiHl  by  seorosiB  of  that  section  of 
the  brain  supplied  by  the  occluded  vessel — a  necrosis  whose 
dimcosions  are  exactly  co-extoneirc  with  tho  iscbnmia,  and 
which  may  or  may  not  be  associated  with  hemorrhage, 
point  I  shall  come  to  speak  of  afterwards.     Is  like  manner^ 
necrosis  of  tho  spleen  or  kidney  nercr  fnils  to  lake  place  ii 
the  part  of  the  organ  whose  artery  is  occluded  by  a  throw  bos; 
and  in  the  retiaa  the  power  of  vision  is  extinguished  at  Ibc 
moment  wLeu  an  embolus  baa  become  impacted  in  the  central^ 
artery ;  after  which  the  retina  inevitably  undtTgoes  ati 
and  destruction. 

But    although  these  results    thoroughly  conform  to 
anticipations,  we  find  a  etriUiug  oxceptiuii  in  the  portal  veio, 
prononsly  referred  to  as  one  of  the  vessols  which  moat 
looked  on  as  equivaleatto  a  terminal  artery.     The  broacht 
of  the  vtnta  jfortx  undergo  ab.s(>lotely  no  auafitatnoeoB  {  evury 
r.  interMiularU  breaks  up  directly  into  the  capillary  networi: 
of  the  acinus.      Should  we  not  hero  expect  tho  moat  typical 
luauorrhBgic  inftircticn  in  every  case  of  obstmclivoembolixai 
of  a  portal  braneh,  as  well  as  in  every  thrombosis  of  tbo 
portal  trunk  itself  7      Yet  nothiug  of  the  kind  takes  place. 
In    tho    dog  you  may  occlude    a  multitude   of    the  lorgv 
branches  of  the  portal  vein  by  injecting  coarsely  powderwLJ 
ohromato  of  load  or  wax-emulsion  into  a  branch  of  tho  r. 
mMsnienVa,  and  yet  no  haemorrhage  or  other  change  occurs^ 
in  tho  liver.     In  pylethrombosis,  whether  this  arise  rapidly 
or  slowly,  yon  find  ascites  it  is  true,  but  in  tbo  liver,  as  a 
n\«,  nothing  abnormal-     There  is^  however,  a  good  tcaaim^ 
for  this.     For  the  capillaries  of  tho  hepatic  acini  are  fed, 
is  well  known,  not  merely  by  tbo  poriol  vein  bat  aUo  by  lb»^ 
hepatic  artery  ;  the  capilluriex  of  the  latter  uoitc  to  font ' 
small  veins,  which  enter  the  renoi  inlvrtdmiant  as  the  so- 
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iDtemal  tribatarics  of  the  portal  Toin.  If  now  the 
Botnincfl  of  portal  blood  into  one  or  more  iiit«rlobalar  veias 
be  for  any  reasou  preventeU,  there  etill  remaio  the  ioteraal 
tributaries  of  the  portal  veiu,  the  supply  of  blood  through 
wfaicb  is  sufficieat  to  avert  necrosis  of  Ibe  orgao,  aod  all 
urere  di»lurbance  of  the  circulation  io  the  hepatic  lobales.* 
Nor  owing  to  the  arraugemt'ut  of  the  pulmonary  vessels  Is 
a  Himilar  possibility  of  compentiation  altogether  wanting  in 
Lho  longs.  For,  as  has  lately  been  shown  anew  by  a  very 
paizutaklng  investigation  carried  out  in  J.  Arnold's  labora- 
tory,* the  branches  of  tbe  a.  pulmtmalis  aro  connected  with 
tboflo  of  the  bronchial  arteries  by  a  multitude  of  anastomoses, 
whilo  tho  artoriuK  distributed  over  the  pleura  and  in  the  modi- 
BstinDm  also  supply  blood  to  the  pulmonary  vascular  system. 
Nevertheless  the  fact  that  extensive  obstruction  of  the  pulmo- 
nary artt-rial  system  ts  attended  by  an  immediately  fatal  effect 
proves  clearly  enough  that  all  these  connections  are  far  from 
anflicient  U)  permit  tbe  passage  through  the  lungs  of  a  quan- 
tity of  blood  sufficient  for  the  maintenance  of  the  circulation. 
It  may  well  bo  asked,  however — bearing  in  mind  the  abBenco 
of  all  arterial  anastomoses  between  the  branches  of  the  pul- 
in^narj  artery — whether  it  is  not  owing  to  these  connectiona 
It  plugfl  are  ao  frequently  met  with  in  the  amaller  or  larger 
faets  of  the  pulmonary  without  the  least  indication  of  dis- 
rbonce  of  the  circulation  in  front  of  them.  This,  it  is  true, 
U  not  always  the  case.  Often  enough  we  find  most  t)-pical 
bsmorrhagic  infarction  in  front  of  the  obstruction  in  a  branch 
of  the  polmonary,  a  resolt  in  perfect  accordance  with  the  fatal 
of  emboUsm  of  the  main  trunk.  To  make  the  whole 
appear  $till  more  enigmatical,  it  is  quite  common  for  a 
rr  of  emboli  to  become  lodged  in  a  lung  and  the  lung 
ID  front  of  them  to  be  intact,  and  yet  at  the  same  time  for 
or  more  emboli  to  be  found  in  it,  in  front  of  which  iufarc- 
1  hue  occurred,  although  no  sort  of  difference  can  be  made 
oot  tu  the  nature  of  the  plugs.  This  cannot  be  attributed  to 
the  presence  or  absence  of  arterial  anastomoses ;  for,  I  again 
repeat,  snch  ana.*stomoses  are  altogether  alisent  from  the 
nimificatioufi  of  the  a,  jmlmonaliv.     It  is  posstblo  on  the  other 

•  Cotnhcim  und  Litten,  *  Virjli.  A,,'  Ivii,  p.  153. 
t  Kiittiutr,  iLiiJ^  Uxiil,  p.  476. 
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httod  that,  as  already  indicated,  the  bronchial  or  luediafftitinJ 
aauMtomosoii  lond  their  aid,  althoui^h  the  inconstancy  of  thn 
rwralt  iloos  not  say  much  for  the  efficacy  of  tbiu  meantt  of  ruin- 
pensation.  The  powtion  of  nffairB  becomes  really  compnv 
bcnsiblo  only  when  wo  take  intfj  coosidc ration  the  peculiar* 
itiiis  of  the  paimonarj'  circulation  and  of  the  parenchyma  of 
tho  lunK-  In  all  other  ro^ona  the  reBisl«nc«  in  the  capil- 
laries is.  you  will  remember,  so  great  that  it  cannot  bo  over- 
come by  tlio  pressure  of  the  blood  flowing  through  the  n»igh- 
bonrinfif  capillaries;  with  the  result  that  when  arterial  aiuui- 
lorooscs  aro  absent  complete  compensation  in  front  of  an  ab- 
normal resistance  takes  place  6r8t  in  the  veins,  llio  pnlmiH 
nary  capillaries  on  tho  contrary  are  considerably  widor  than 
those  of  the  remainder  of  the  body,  and  the  resistance  in 
them  is  by  consequence  leKs ;  bo  much  so  that  tho  arterial 
presBore  when  reduced  to  a  fourth  of  its  Dormal  value  or  vtill 
lower  ia  sufficient  to  propel  the  bh>od  through  them  into  the 
wins.  Add  to  this  the  constant  changeR  in  volume  uf  tbe 
lung  during  respiration,  to  the  action  of  which  as  aiding  tbs 
circnlfttion  1  have  already  repeatedly  called  your  atteDlion. 
In  tho  vascular  areas  of  the  lungs^  unlike  those  of  all  the 
otherorgans,  the  conjunction  of  these  two  circomslances  makes 
it  poHRihlo  for  the  cnpillaricH  whoso  afferent  vessels  arc  cmi> 
cludod  to  receive  blood  from  neighbouring  capillaries  whew 
vchsdIs  are  pervious.  The  quantity  cannot,  it  is  trao,  be  large, 
and  the  inHnwing  stream  niubt  be  slow  and  feeble.  Ihtt 
tboagh  tho  deficiency  is  not  covered  so  far  as  the  funeti/jQ 
of  respirutton  in  concerned,  this  small  quantity  of  nlowly 
moving  blood,  together  with  whatever  blood  tho  brfitichial 
aniuitumoxefl  may  contribute,  snfflces  to  maintAin  tho  int^'gnty 
of  tho  implicated  pulmonary  capillaries  and  veins  ;  nor  indeed 
has  tbe  pulmonary  blood  any  further  nutritive  fnnctiim  in  tho'l 
lung,  the  bronchi,  tbe  eoniiectivo  tissue  forming  tho  largerj 
septa,  and  tbe  larger  v(^ssL'ls  receiving,  as  is  well  known,  theirj 
ea*a  miiritia  from  the  n.  broitrhtnlis.  This  being  tlie  mode  ia.\ 
which  the  evil  eonsoquonccx  of  obstniction  of  tho  pulmoDa«y[ 
art«rial  branches  aro  Ao  often  averted,  il  will  be  uniU'mtiMdJ 
that  it  is  effective  only  so  long  as  the  taxk  required  of  thoJ 

capillary  circulation  is  not  too  (severe.     If  '^ Hsry  strcAuij 

be  too  fcebkv  u  for  example  in  fatty  <l  nun  of  tUal 
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right  Itonrt  or  other  condition  depressing  tlie  heart's  work, 
or  vlioutd  abnonnAl  rettixtanc^a  in  the  pulmonary  veins  op]>ose 
it,  B»  happL'Oft  in  valvular  lesions  affecting  the  left  side,  thcso 

'ineaiiM  of  compenntion  maj  prove  innderjuate,  and  the  result 
will  b*  hiemorrhag-ic  iafaction.  Tbat  the  latter  shoald  be  so 
conBtantly  met  with  at  the  peripbery  of  the  lungs  close  under 
tbo  pleura  and  so  very  rarely  in  the  neighbourhood  of  the 
hilus  or  in  the  tnti'rior  of  the  organ  at  all  may  be  very  readily 
explained.  In  oceluMon  of  a  peripheral  arterial  branch,  the 
capillary  area,  which  in  embolism  of  a  central  branch  would 
bo  situated  at  the  base  of  the  ischujmie  region  and  could  have 
aided  m  restoring  the  circulation,  in  wanting.* 

liet  us  now  spend  a  moment  in  considoring  the  hatmor- 
rbag^H  which  m)  often  complicaie  the  necrosis  occurring  in 
front  of  an  arterial  plug.  You  arc  aware  that  wo  have  hero 
to  do  with  htemorrhage  by  diapedesis  from  iho  capillanca 
and  mnallest  veins,  and  that  the  di^orgaoisatiun  of  tho  vosael 
wall  duo  to  the  temporary  aniemia  is  the  uause  of  this  diape- 
dcsii.  The  mode  iu  which  tho  blood  arrives  in  these  vessels 
hu  been  thoroughly  discuasod  on  a  former  occuHion  (p.  lai). 
Two  poMibilities  prcisent  themselves  according  as  the  blood- 
«npply  to  the  affected  port  has  ceased  altogether,  or  in  still 
maintained,  thoogh  inadeqnately,  by  tho  agency  of  minute 
«oUatenilB.  In  the  6rst  case— when  tho  occluded  vessol  is  ft 
tsrmhial  artery — a  roQux  of  blood  takes  place  from  the  neigh- 

'  boaring  veins  and  the  oontiguons  capillaries  into  the  ischormio 
am  ;  iu  the  second  case  blood  in  conveyed  into  it  principally 
by  tho  scanty  arterial  Collaterals.  The  rooohanism  of  each 
of  theHe  processert  is  very  different  iu  some  re»pect« ;  yet  it 
leads  to  the  same  result  in  the  end.  For  both  have  one  foa> 
tare  iu  common,  that  the  quantity  of  arterial  blood  supplied  is 
utterly  incapable  of  maintaining  the  normal  nutrition  and  phy- 
aiologioal  integrity  of  tho  vessel  wulU  and  of  the  part  itself. 
In  which  of  these  ways  a  hasmorrhage  met  with  in  front 
of  an  arterial  plug  has  arisen  camiot  well  be  made  out  from 
UiQ  interval  elapsing  between  the  occurrence  of  obstrucUou 
and  the  cummencemeni  of  the  hmmorrhogo  ;  for  iu  both  cases 
a  oortaia  timo  mnst  jiass  before  the  haimorrhage  sets  in> 
and  of  ooaree  a  still  longer  period  before  it  attains  somewhat 
■  CuhoUim  bimI  Iiitt«n,  *  Virob.  A^'  IXT,  [i,  99. 
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large  dimen^ona.  On  the  other  liajid,  &  rctivgrodd  en- 
gorgement  is  with  great  probability  indicated  whenever  tb« 
compass  of  the  bsmorrhage  exactly  correspunda  with  the 
veDoas  branches.  If  the  hajmorThagea  following  the  obatrac* 
tiou  of  arteries  be  examined  in  this  aspeet,  the  conviotioa 
mast,  it  seems  to  me,  force  itself  on  everyone  that  at  l«Mt 
the  large  majority  have  originated  in  precisely  the  same  way 
OS  does  the  biemorrhage  observed  to  occur  in  embolism  of  the 
frog's  tonguo,  whilo  the  organ  is  examined  micro6copic«liy. 
In  tliB  spioun,  kidney,  and  long,  the  haamorrhagic  iufarotjoB 
always  occnpies  a  kind  of  cone  or  wedge,  whoso  basti  ia 
directed  oatwards,  and  apex  inwards ;  and  the  vein  whoso 
tributary  area  is  the  seat  of  infarction  is  always  fonnd  at  tbo 
apex.  In  the  heemorrhages  frequently  met  with  in  the  brmln 
after  embolism  of  arteries,  this  conical  or  wcdge-Uko  form 
mil  certainly  be  sought  for  in  vain  ;  hero  the  effusion  asnally 
assumes  a  more  globular  or  elliptical  shape.  It  must  noi  be 
forgotten,  however,  that  the  arrangement  of  the  venoas 
channels  in  the  brain  is  very  different  from  that  in  the  spleen 
or  kidney.  And  moreover  an  iscbmmic  portion  of  the  bnuOf 
in  marked  contrast  Co  these  organs, loses  consistence  ao  rapidly 
when  deprived  of  its  arterial  supply  that  the  support  froca 
the  tissues  so  necessary  to  the  production  of  a  proper  infaral 
is  hero  wanting.  The  circamstanco  that  hfcmorrhages  aa 
the  result  of  embolism  o!  tho  iliaca  externa  or  tmiltcrit  are 
so  far  as  I  know  extremely  rare  seems  to  me  to  tell  with  na 
bttle  force  in  favour  of  the  venous  nature  of  embolic  hmmer- 
rhages.  But  however  this  may  be,  you  will  hardly  oxpeoi 
the  cffoitions  arising  in  this  way  to  be  voluminous  ;  for.  on 
the  one  hand,  they  are  nothing  but  the  efiecta  of  a  scoaty 
collateral  oironlation,  and,  on  the  other  hand,  the  feeble  and 
tardy  venous  reflux  may  be  held  in  check  by  t>  r  of 

obstacle,  as  will  be  evident  without  further  ii.\^  .  .  ■■n. 
When  hmmorrhagea  of  thrombotic  origin  are  nwUy  oopious, 
this  is  Dcoessahly  owing  to  the   pri  (    compti'    'i 

factors  by  which  the  resistances  and  ■  the  t<-n 

Lbu  venous  aide  are  increased,  a  ]ioint  on  which  ]  ' 
when  treating  of  jiulmuuary  infarct ' 
jver,  HTe  almost  thL>  only  looalities  wl. 
10  across  infarcts  that  arc  pronooncedi 
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is  very  different  in  the  spleen  and  kiilneys,  where  infarcts 
have  often  cnongli  but  small  cluim  to  tliie  title.  For  tho 
great  bulk  of  splenic  and  renal  infarcts  are  wont  to  be  de- 
cidedly pale  and  faded,  opaqne  and  almost  clay  cotoored. 
Only  at  tho  apex  and  lateral  boondaries  is  there,  as  a  ruIC] 
an  intensely  luDmorrbagic  zone,  whose  width  varies  greatly, 
not  only  in  different  infarcts  but  in  one  and  the  same  example. 
The  tolerably  sharp  boundary-line  neparating  the  two  regions 
has  the  moat  irregular  form  imaginable.  As  to  tho  faded 
day  colour  displayed  by  the  infarot,  this  is  dao  solely  to  tho 
necrosis,  decolouration  having  had  no  band  in  its  production  ; 
and  tho  irregularity  of  tho  bonndary-lino  towards  tho  hsDmor- 
rhagic  zone  depends  only  and  solely  on  the  irregular  advance 
of  tho  hyperajmic  engorgement  and  consecativo  hajmorrhagc.* 
The  question  of  the  importance  to  be  attached  to  coagnla 
in  the  heart  may  be  dismissed  in  a  fow  words.  For  evidently 
tbey  can  only  prejudice  its  action  when  they  are  large  enough 
_to  interfere  with  tho  passage  of  tho  blood.  It  is  true  of 
inrae  that  an  anrionlar  appendix  completely  filled  by  a 
irorabus  cannot  receive  any  blood  ;  nevertheless  the  normal 
loant  will  arrive  in  tho  auricle  from  the  veins,  and  pass 
snoe  to  the  ventricles.  Only  those  thrombi  by  which  the 
irdiac  orifices  are  narrowed  are  of  importance  to  the  circn- 
Uion  through  the  heart  ;  yet  even  with  regard  to  these,  I 
lave  already  dwelt  on  tbo  fact  that,  because  of  their  soft* 
"ness,  their  power  of  producing  stenosis  i«  generally  not  related 
their  siso. 

In  the  cspillariea  too  the  case  is  very  simple,  for  since 

'capillary  thrombosis  does  not  occur  except  on  necrosis  of  tho 

Fected  vessels  we  need  only  consider  the  effect  of  capillary 

ffli.     Bat  you  are  here  again  on  perfectly  familiar  groond. 

im  a  former  discussion  you  learned  that  the  interpolation 

if  an  abnormal  resistance  in  a  single  capillary  is  a  perfectly 

insigniBcant  event  so  far  as  the  circulation  through  the  area 

is  concerned.     The  obstruction  of  capillaries  can  bccomo  of 

iporiance  to  the  circulation  in  a  part  only  when  not  one  or 

i*Jaw  bat  a  very  Uirgo  number  are  tho  scat  of  embolism. 

*  Tltfai  peinti  Kktc  ncvntly  be«n  aatvtlioKmghlydeslt  with  by  W«i]!;trt. 
~  H-     '    '  \rr  '    :",  Irxii,  p.  330.  Ixrix.  p.  87,  whwe  ttatement*  fcav* 
'.  hj  Litteo,  *  ZdlMlir.  E.  klio.  IffedV  >•  Hft.  i. 
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That  this  has  ever  been  obsorvecl  of  ordinary  cmbciU  mcb  wi 
are  torn  off  Irom  typical  tLrombi^  I  regard  a«  extrwuit'ly  im- 
probable,  but  the  multiple  obstmction  of  oapillahc^s  byoiliorl 
means  than  by  coagnla  ari&iug  intra  vitam,  may  attaiu  Benoaft 
proportions. 

.    But  with  rospDct  to  the  mecbaiucal  offect«  wbich  tho  ob-j 
struction  oC  a  vessel  brings  )u  ita  tram,  it  is  ovitlciitly  qttiti^ 
immaterial  whether  tbo  plu^  coiisiats  of  solidiiiod  bliwd  ori 
of  other  indifforont  substances.     Indocdj  many  of  the  most 
certain  facts  in  our  poescasion  as  regards  tho  conaoqnenoaa 
of  vascular  obstmctioa  have  been  gatherc-d  by  expoiimmia 
in  which  the  experimenter  prudently  abstained   from  uatnjf 
blood-thrombi  as  material,  preferriii|^  some  tpthor  body  \vm 
liable  to  docompo»icion  and  putrefaction.     But  it  in  doh  imly  ^H 
in  oxpcrimont  that  pcrfc4?tly  forei^  and  beterogeneoas  mat-^H 
tcrs  enter  the  blood-stream  and  are  bomo  off   by  it.     An  ^^ 
ecbinococous  which  has  established  itself  in  the  myocardinin 
and  gradnallj  grows  into  the  caritj  of  the  hpartmay  be  Uirn 
away  and  trAnBport4»l,  according  to  its  seat,  into  a  brmoch 
of  the  pnlmonary  or  into  a  systemic  arterj",  the  effocts  beingj 
indistiDguishable   from   those  of  ordinary   embolism.      Ti»j 
must  interesting  and,  owing  to  its  comparative  Creqneocy, 
iuo«t  important  occurreuco  of  this  kind  is  the  eutranco  »f 
liqnid  fat  into  the  blood,  and  its  dissemination  tbroogh  tho 
Taacular  ftysteu. 

Before  liquid  fat  can  reach  the  blood-atreain,  it  mosteziat 
aomowbcre  in  the  body  in  a  free  stale,  i.  e.  not  iucladed  in 
noils,  and  under  condiliouH  which  allow  of  its  pntraaco  into' 
the  blood-vessels.  Those  oonditions  an*  found  in  all  imagin- 
able perfection  when  vosoola  are  wounded  and  open  Taantlar 
lumina  present  at  the  seat  of  Iree  fat  ;*  and  it  was  aotaaily 
for  a  Icing  time  supposed  that  frve  oil  could  arrive  in  the 
cirunlatiun  only  by  thus  enltrring  ib  dirootly.  Ktwently,  how- 
ever, it  baa  been  shown  eixperi mentally  by  Wimurf  in  ik»j 


•  P.  IJiuifili. '  Vin-b.  A^'  JXJT,  p.  331. 

t  Wiener. '  Amh.  f.  frj>er.  Vtth  ,*  tF.  ji.  ?7^     fV  O. 
tiahtt  von  dcr  P<Kt«-tDbo)l^.  llabiliUtiAnwcIt' 
WwUiMclir..'    1R73,   ya.   33;  KWol,  '  I).  Zeio   .1 
KloBmoy,  *  Ccmtribulion  ft  IVtnd*  d«  I'cinbolu  $pw- 
1 878 1  nalm,  *Bsitriiet  wir  Lchn  raa  derf«lt«iii) 
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ititoto  b<?ro  iitnt  (laid  ht  majr  aI«o  be  taken  up  by  tho 
^inphatics  during  thr  onliniiry  process  of  iibsorption  and 
jen  coiivcyM  to  the  blf>od,  and  that  tbis  takes  place  more 
}rtainly  and  rapidly  the  more  eamiiy  accowiible  Rre  the  lym- 
intio  ftbsfirbontJi  and  the  shorter  and  more  porvioas  iho 
fniphatic  channel  botween  theno  and  tbo  d.  thoradctu.  On 
^jectin^  animal  orye^elAblc  oil  into  tbo  Hnbcataneons  ce]tn> 
timae  of  a  dojo^  or  rabbit,  sorcral  days  asnally  pass  before 
>□  can  cOQDt  with  certainty  ou  the  firet  fatty  emboli  iu  the 
lonjEfti,  nor  can  these  be  coinporod  in  point  of  number  with 
Hit  emboli  which  may  be  produced  in  a  rery  much  Khortt-r 
no  by  iuji-ctiug  oil  into  the  thoracic  or  abdomiuul  cavity. 
ton  mast,  bowcvor,  be  particularly  careful  to  employ  none 
It  perft'rtly  pun-  neutral  iiit,  for  tihuald  a  paralciit  or  fibrintv 
inilout  JunainniatiDn  follow  the  injection^  resorption  at  unco 
B.  Fatholofhoal  eTcpencnco  of  fatty  emboliKin  barxuo- 
nlwa  oomp1et«W  with  the  n-BnIta  of  experiment.  Its  in  nonie 
ncaanra  olaasioal  occasion  is  presentotl  by  onlinary  featuroH 
of  bone ;  the  Rhattering  of  the  bone-marrow  provides  the  free 
latt  and  the  rupture  uf  sonio  of  the  vcssols  Hecnn^s  the  ]?re- 
sence  of  open  raacular  Inmina.  Moreover,  fatty  ombolism  ih 
indaced,  though  of  course  much  loss  commonly,  by  rupturea 
and  contusions  of  tbo  liver  and  by  Revere  bruising  of  the  skin 
and  sabcatanoons  fet.*  That  both  in  tbc  lower  animals  and 
in  man  flnid  oil  may  sometimes  gain  access  to  the  circalation 
thronffh  resorption  by  tbe  lymphatics  is  proved  by  the  fatty 
emboli  which  have  occasionally  been  found  in  acute  suppu- 
rationa  of  soft  parts  rich  in  fat,  e. ;;.  in  tbe  endometritM  of 
lyinar-in  women  and  analogous  processes.  The  fat-dropa 
having  thus  entered  tbe  circulating  blood  are  simply  borne 
along  by  it  in  the  diroction  of  the  stream  till  they  become 
impacted  in  vessels  which,  owinj?  to  tlieir  sijte,  they  are 
nnable  to  pass.  These  are  usually  capillaries  or  at  must  the 
smallest  capillary  arteries  ;  in  the  lai^r  arteries  tbeir  pae- 
sagv  may  be  tomowhat  delayed  when  the  drops  come  into 
}iilaot  with  the  vessel  wall.  The  lung,  as  might  be  expected 
)m  tbe  place  of  origin  of  the  embolism,  is  tbe  typical  seat 

i  I,  •  D.  Zcttschr.  r.;Chir.,' lii, p.  ii8,  wfaert s  conplettf 
**«».  •  ktA.  f .  Piych.  n,  NervmlnmnklMttM/  zf,  p.  »l . 
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of  llie  fatty  ping's,  find  Iiere  the  oil-drops  form  most  deli 
caata  of  the  capillaries.     Not  that  the  whole  of  the  capillary, 
network  of  the  sWeolaa  is  filled  with  tnl ;  it  is  more  commoi 
for  droplets  to  be  arrested  jurt  at  the  angles  of  diriaioa  or 
anion  of  the  capillaries,  and  there  are  generally  tiereml  of 
them  in  the  same  alveolus,  separated  from  one  another 
capillary  colamns  of  stagnant  blood.     No  sabseqaent  chan^^ 
takes  place  in  the  vicinity  of  these  fatty  emboli,  for  the  oil- 
drops  have  merely  the  mechanical  effect  of  occLnding  the 
lamina  of  the  vessels.      On  cautioasly  injecting  a  fino  emal- 
sion  of  olive  oil  into  an  artery  of  the  rabbit'a  ear  or  a  aimilar 
emnlfiion  of  cod-liver  oil  into  the  arteries  of  the  frog's  ton^ofl 
yoa  obtain  chiefly  capillary  emboli ;  those  oil-drops  which  at 
first  were  seated  in  arteries  of  small  calibre  being  after  • 
time  pushed  on  into  the  capillaries.      Nothing  of  an  abnormal 
character  is  observable  in  the  tongue  or  car  either  nnni 
diately  after  the  injection  nor  on  the  following  or  saooeedii 
days — at  Least  if  the  number  of  capillaries  occluded  by  ihaj 
oil-drops  be  not  nnusnally  large.      For  the  innocaonanea  of 
fatty  otnboli  when  few  in  number  is  of  course  nowise  inooooj 
patible  with  the  fact  that  the  obsiracdon  of  ft  mnltltiido 
capillaries  by  liquid  fat  is  a  aavere  if  not  fatal  occorsbc 
The  portion  of  the  car,  all  or  ft  gr«ftt«r  part  of  whoso  c*{ 
lanes  are  occluded  by  oil,  invariably  perishes,   and  when 
after  a  comminuted  fractoro  of  the  leg  fat>dro]>a  become  im- 
pacted in  most  of  the  capillaries  of  all  the  pulmonftry  lobes 
death  will  bo  occasioned  jast  as  readily  as  by  the  ocolottoa 
with  common   emboli   of  a  very  large  number  of  arterial 
branches ;  in  the  latter  case  it  is  not  even  necessary  for  tJio^ 
coagula  to  arrive  on  the  lungs  simoltaneoasly.     Nevertheleao, 
it  would  appear  that  fatty  embolism  only  very  rarely  termi- 
nates fatally,  and  I  cannot  avoid  the  impresitioii  thak  tJie 
importance  of  this  procees  has  been  coDsidcrably  exoggsi 
by  aargeoDs,  who  arc  rejoiced  at  finding  somo  palpable  aiia-^ 
tomical  lesion  in  many  sorpriiiiog  or  anexpoctod  fntnl  cam 
In  the  ftnimals  experimented  on,  among  which  the  nabbtt 
not  distingaiahod  by  any  special  power  of  r-- 
repeatedly  seen  the  pnlmoaaty  capillaries  61! 
really  incredible  extent  afU.^T  injection  into  %•> 
»j  and  yet  at  no  time  previously  n 


tXTTT   EBIBOLISH. 


225- 


I 


to  it»  favingkfliad  did  liw  uumal  present  this  slightest  nbnor- 
mmiisj  of  i—piiatioM,  Inut-befttj  or  blood-prOBSare,  in  nhort, 
it  fattbftred  tn  flrery  raipect  mi  before  the  opemtinti.  Accord- 
iB^fy,  it  BMkj  be  regmided  HiHimcwhac  doubtful  whether  the 
pMoxyrew  of  ihght  or  sawre  djapnoia,  occasionallv  obscrvo<l 
IB  cxct  of  &Bctnre,  u«  rcftllj  to  bo  referred  to  fatty  embo- 
HiOD,  and  it  is  also  qaostiouablo  whether,  when  an  indiWdnal 
(He*  within  tho  hnt  tventj-ftiar  hours  after  rcrei\'iiig  »  fmr- 
tnr*,  hia  death  is  lo  be  attributed  to  the  emboli  which,  it 
miut  be  admitted,  arc  almost  never  absent  from  tlio  lungs  of 
inich  per«onA.  Certainly  another  powtibility  should  be  borntf 
ID  Buod,  1^  which  the  entrance  of  free  fat  into  the  vircula- 
tioo  m»f  prove  destractive  to  life.  Since  oil  is  anything  but 
A  compact  substance  of  unalterable  form  it  is  very  easy  for 
miall&r  or  larger  drops  to  be  liberated  from  the  oily  coats  in 
tbe  pdlmonary  capillaries,  and  to  be  borne  along  by  the  blood- 
•trsam  &oin  Uie  lung  into  remote  regiomi.  In  truth,  aflor 
uqectiiig^  oil  into  the  thoracic  cavity  of  an  animal  Dothtng  jfl 
oovuBooer  than  to  find  arborescent  fat-drops  in  tho  small 
ajitvaic  vcsseb  throughuut  the  entire  body.  Thoy  are  met 
with  in  the  villi  of  the  inteatinea  and  in  tlio  heart,  in  tho  skin 
aad  ouiitcleft  ;  further,  thoy  may  bo  very  beautifully  and  eaBity 
deBMSwIrated  in  tho  brain,  and  moat  surikinii^ly,  U>o,  in  the 
Iddoeya,  where  very  frecjuently  the  vascular  tnfts  of  nnrobon 
of  thn  gknnemli  are  actually  filled  like  moulds  with  the  glit- 
teriojr  &UL  Ic  is  on  this  dis^^emination  of  the  fatty  emlMtli 
horn  the  loDgs  throughout  the  systemic  veMehi  that  many 
lay  Kpecial  stress  ;  ic  may  be  that  they  deacry  in  the 
of  the  Tascnlar  obstmi:tinn  over  the  entire  body  *a 
enliaacemt'at  of  the  danger,  or,  like  Scriba,*  look  npoa  iba 
KDbg  of  tlM  cerebral  vessels  with  fat  as  an  accident  of 
ptieahsriy  OMmacing  character.  It  cannot  be  den&Ml  ikmt 
ihmm  UuBone*  tound  very  plausible,  and  in  fact  I  shoald  b«  pn- 
pa*vd  to  aooept  tbam  withoot  th*  leaat  haaitotioD,  were  it  aoC , 
^h3  rmr  oft-iaeationFd  experimeittal  nMoll*  csH  for  decided 
naiib»'  ox     ForamoagRttbeamnnl*] 
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the  body,  irero  not  a  few  which  In-forn  Iteiri^  killeJ  presenlwl 
not  the  slightest  fnnctionnl  distnrhnnce  of  nny  oix»ti,  or  wr 
to  be  (iidtiii^uifthed  iu  any  way  from  perfectly  healtliy  atiitniiU 
Doev  not  tbu  thought  aiiggeat  it-self  here  that  tho  oil-unbolt 
being   cumposed   of  a  substance   cfipablo   ovory  tnstntit  o 
changing  its  place  and  form,  act  Tory  dissimilarly  to  a  tni 
thrombus  consisting  of  coafrulated  blood  or  even  slill  coi^fv 
stable  material,  and  may  it  not  bo  that  tho  oil  proves  de*(TO(- 
ttvo  to  life  only  when  a  ootuiidemblL'  bulk  of  it  ia  introdui 
into  tho  circulation  soddonly  or  in  divided  portions  at  Tcryi 
short  intervals  T     The  migration  of  the  oil-jdugs  from  th« 
pulmonary  into  the  aortic  system  has,  as  yuu   will  DDtkf-, 
another  and  vci^'  welcome  side,  for  it  Kerven  to  disoncnmbcr 
the  lung,  and  isj  moreover,  one  of  the  meauH  of  which  lbs 
organism  takes  advantage  to  oxpol  the  oil   from  the  riroill»< 
tion  altogothor.     'IVae,  we  nro  at  present  very  fur  from  bein, 
ncquainied  with  all  the  ways  that  nataro  takes  in  roraoWn] 
thi!  fluid  fat  from  the  blood,  but  at  any  rate  she  offocta 
BO  thoronghly  that  somo  three  or  fonr  woaks  aftor  tho  oi 
injection  no  tmco  of  it  is  to  be  mot  with  in  tho  vi^ssels. 
much  is  certain,  howevf-r, — a  portion  of  it  ia  excreted  wit 
the  urine  through  the  glomeruli. 

One  would  naturally  suppose  that  aimilar  rr=^  i^f- 
follow  when,  instead  of  oil,  air  gains  admi>tf<ion  t<        < 
lation.     Yet  from  aoino  experimenta  of  Paunm*  it  n 
rontly  to  be  inferred  that  air-bubbler  are  not  of  so  ii 
a  character  as  fat-drops  ;  and  it  is  by  no  mennft  ccrt.- 
necTosia  or  inflammation  may  not  sometimes  oriEC  in  tho 
nity  of  air-emboli.     In  any  cose  these  results  fall  con.   * 
into  the  shade  when  compared  with  tho  mechnnicul  ' 
that  invariably  attend  the  entrance  of  a  largo  amonai  of  aii 
into  the  blood-vessels.      Leaving  pathological  exfterin 
of  consideration,  it  is  easy  to  say  when  snch  entmm  > 
will  take  place  j  it  will  occur  whenever  air  cornea  intooonlacf 
with  the  intorior  of  a  Toaael  in  which  th<^  pn'Muro  ia  leas  than 
tho  aLmoapheric  )>re8mire.     Such  a  condition  in  proacntad, 
(a  woll  known,  only  by  the  large  vedns  in  tho  neigh 
oi  the  heart.     Tbe  blood  of  the  v.  ratia  *u  -,  amonymM 

and  juguiarm,  and  next  to  these  of  the  i  '  *«  and 

*  Paanm, '  Vlnh.  Jt^'  nv,  p.  499. 
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U  so  near  the  bebrk  that  tUo  rvsititance  here  may  be  put 
lowii  at  zero.  TIid  prossuro  prevailing  in  thetio  veHsetn  ie 
theu  barely  positive,  and  it  becomes  acgaiiru  at  each  inspl- 
Tktion.     Now,  should  one  of  theRO  veins  l>e  out  or  otherwise 

,  voimdod,  the  danger  of  a  ruKh  of  air  intu  tbf  aperture  at 
imoo  arises,  nml  air  may  thuK  bo  conveyed  to  the  heart.  When 
the  quantity  of  aspirated  air  is  but  small,  the  occurrence  is 
not  nsnally  attended  by  any  further  cunseqnences,  and  a 
dog  into  whose  jngular  as  much  aa  from  eight  to  ten  cubic 
itimotroH  of  air  has  been  forced  readily  withstands  the  ope- 
ration. Rabbits>  on  the  oontrar}*,  are  far  more  susceptible  ; 
bnt  doga  too  and  even  horses  quickly  and  irrecororably  nnc- 
cumb  when  a  large  amount  of  air  has  entered  or  been  forced 
into  the  jngnlar  ;  convulsions  and  the  symptoms  of  severe 
dyspnoea  leading  up  to  the  fatal  termination.  Tudividuala 
hATe  more  than  once  died  on  the  operation  table  owing  to  in- 

feisioo  of  the  jugular  or  axillary  veinthrongh  an  unfortunate 
morement  of  the  knife. 

Under  these  oircunistances,  you  can  yourselves  judge  how 
mach  atteutinn  this  fatal  event  must  always  have  excited 
vnongst  pathologists,  and  how  many  the  thoorius  that  hare 

tiMen  brought  forward  to  explain  it.  The  view  according  to 
which  the  obstruction  of  the  pulmonary  arteries  with  air  is 
tbu  cauiH.'  of  death  has  finally  met  mth  pretty  general  accep- 

'  tanoo.  Nevertheless,  there  are  several  facts  which  do  not,  so 
faraa  1  see,  harmoniee  with  this  interpret^itioD.  If  a  certain 
amount  of  air  be  suddenly  introduced  into  the  jugular  vein 
of  an  animal,  duath,  as  already  stat«d,  ensues  in  a  few  seconds; 
on  the  other  hand,  a  much  larger  quantity  may  bo  caused  to 
enter  the  veins  with  impunity,  provided  we  take  the  precan- 
tioa  of  introdncing  it  in  small  quantities  at  certain  intervals. 
How  is  this  compatible  with  the  supposed  occurrence  of  air- 
emboUam  f  The  air  that  has  settled  in  the  capillaries  can* 
not,  dnring  the  few  minnt«a  elapsing  between  the  snccessivo 
introdnciions,  leave  or  become  resorbcd  from  those  vessels  so 
mpidly  as  that  this  could  constitute  an  essential  difference 
between  the  efFocta  of  sudden  and  intermittent  entrance  of  air. 
The  chief  objection,  however,  to  the  theory  of  air-embolism 
is  the  fact  that  the  anatomical  regions  in  which  air  is  met 
with  in  fatal  casra  are  not  those  which  this  hypothesis  would 
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lead  one  to  anticipAte.  Trae,  somo  few  nir-bnbHcs  arc  com- 
moolj  foQDd  in  tbe  branches  of  the  palmoDary  8rt«i7.  A 
portion,  however,  as  noticed  by  the  older  observers,  is  seatod 
in  the  systomio  veiiis,  and  very  comxaooly  in  the  nnncM  of 
the  dura  maier  ;  while  the  great  bulk  of  it  invariably  occa- 
pioK  the  right  aoriclo  and  ventricle,  which  are,  as  a.  rule,  foood 
considerably  distended,  It  may  be  to  twice  or  three  times  their 
normal  size,  and  filled  with  a  pale  reddish  froth.  This  kcb- 
mulation  of  air  in  the  right  heart  is,  in  fact,  the  solo  autta 
of  tho  fatal  termination.  Each  contraction  of  the  right  vra- 
tricln  compreHses  tho  clastic  air  instead  of  dnvin^^  it  ouwardi ; 
and  it  is  tliis,  as  was  recently  proved  by  Couty*  in  Vnlpian'i 
laboratory,  that  confers  on  the  accident  ita  fatal  character. 
For  the  right  heart  being  permanently  filled  with  air,  tho 
entrance  of  blood  from  the  systemic  veins  is,  of  ccnroe,  im- 
poasible,  and  in  oonseqaence  the  pnlmonary  circulation,  and 
then  the  entire  aortic  circulation,  ceases.  Tn  this  way  the 
fatal  effect  of  a  fiodden  intro<:luctton  of  a  largp  amoant  of  air 
into  the  heart  is  very  simply  explained  In  order  to  caQw 
death  the  right  ventricle  most  be  completely  61lf»d  with  air; 
for  iMilated  buLtbleu  will  be  carried  off  by  the  blood-streani, 
and  become  imiocuoos  by  being  arrested  in  isolated  pnfam^ 
nary  vessels  But  if  yon  bear  in  miud  that  far  more  than 
half  the  pulmonary  bloud-vessels  may  he  occluded  withoat 
prejudice  to  the  circnlationas  a  wlioW,  to  say  nothingof  danger 
to  life,  you  will  find  it  conceivable  that  a  quantity  uf  air  which, 
when  it  occupies  the  heart,  can  (Hxa«ion  the  gravfSt  diatarb* 
ance,  is  far  from  suSicient  for  the  prodnction  of  threatcniog 
fiymjitfuiis  by  ubt^tructing  the  pulmonary  arteries  or  captllariea. 
Frouv  all  which  you  may  conclude  that  trac  air-emboliBm  doea 
not  in  the  least  merit  the  bad  reputatioQ  which  it  had  1oog-{ 
homo  amongst  physicians,  and  which,  indeed,  is  "  'ri- 
butod  tn  it  by  many.      Perhaps  it  differs  iu  no  n  ^  ■'in 

embolism  with  other  anhstaQces  having  a  purely  mechanical 
action.      It  i».  in  fact,  very  much  more  favon^'  "     ■ '  'ny 

other  varieties,  inainnueh  as  air-bubbles  niav  u  a 

comparatively  short  time  front  the  capillarioa  of  the  InnfTi 
being  carried  out  of  them  or  undergoing  reoorption. 

•  Coaly,  •  filnOi?  Pi|i<f ,  tut  I'cnti^  lU  \'iAr  iaat  let  T*iticf  ■■'  '^-  '—  5 
blnTuouUins,'  Pkii*.  1675. 
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Aooonliugly,  it  wHI  bo  seen  thnt  we  were  quite  juatifled 
in  taking  up  the  subjects  of  fatty-  and  Rir-emboUitni  in  con- 
iiL>ction  with  the  mechanical  effects  exerted  by  thrombi  and 
^emboli  on  the  vascular  pyatom.  Once  more  let  mo  repeat 
that  all  thrombi,  whether  solid  and  compact  or  softened,  act 
EK  local  abnormal  resiatances ;  but  the  inSuence  of  oome  of 
them  is  not  limited  to  this.  Wo  even  give  a  special  name 
to  thoge  which  act  merely  mechanically  as  local  resistancee  ; 
they  are  called  benign,  bland,  or  non-irritative.  Tlowever 
long  sach  a  benign  thrombus  or  embolus  may  be  seated  in  a 
locality,  DO  orcnt  of  importance  ever  occnrA  in  consequeuce, 
If  we  leave  out  of  account  the  circnlatcry  diatarbance*  already 
•o  fully  discuased.  The  very  mo<tt  that  happens  is  a  flight 
and  gradual  thickening  of  the  wall  of  the  vessel  in  which  tho 
thrombus  is  situated  ;  this  affects  the  intima  and  to  a  greater 
extent  the  adventitia  and  surrounding  connective  tissue.  Tho 
thickening  has,  of  course,  no  signi&cance  whatever^  and  la 
therefore  uowiito  comparable  to  the  changes  called  forth  by 
so-called  malignant  or  infective  plugs.  The  ty]>o  of  these 
malignant  plugs  is  a  thrombus  in  a  condition  of  purtform 
■oftening. 

How  great  a  difference  is  occasioned  by  the  nature  of  a 
[thrombus  or  embolus  in  the  local  effects  attending  it  in  any 
[given  case  is  verj-  plainly  taught  by  a  simple  experiment. 
Tou  need  only  introduce  pluga  into  the  median  arteries  of 
3(h  ears  in  the  rabbit.  That  on  the  left  side  should  con- 
Hat  of  a  minnto  portion  of  clean  cork  or  of  a  little  Inmp  of 
;barpie  or  ]>aper,  while  on  the  right  side  a  small  particle  of 
locomposod  flesh  should  be  inserted.  You  now  have  a  full 
)rtunity  for  comparative  observation  of  the  effects  attend- 
■  the  two  kinds  of  plugs.  On  the  left  side,  where  a  vessel 
occluded  by  a  foreign  body  which  is  neither  liable  to  de- 
position  Qor  exerts  any  chemical  action  on  the  neighboar- 
tho  ear  Whares  precisely  like  a  normal  one ;  and  the 
only  change  which  in  the  course  of  weeks  may  in  some  cases 
be  il  '  r.  '1  i»a  tsmall,  circura»cribed,  reddish  tumefaction 
«arr  :   the  plug,  which,  when  the  latter  has  become 

properly  encapsuled,  tinally  disappears.     And  now  contraat 
I'  ■        ir  with  this  one.      During  tho  first  twenty-fouror 

J    i  ._,       1.  -,  or  even  lougurj  you  cannot,  it  is  true,  perceive 
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anr  difforeace  as  compared  witli  the  other  i>ar.  ThcOj  lioir- 
ever,  reddening  and  swelling  inTariablj  set  in  araand  the 
particle  of  Uesh.  La  tUu  cvarse  of  the  ensuiag  tive  or  tix 
days  ibeso  spread  and  increaso  steadily,  and  majr  oconaionaUy 
inrolve  even  the  entire  organ.  In  the  midst  of  tbointeosoly 
Tcdf  hoi,  and  swollen  concha  and  in  the  immediate  vicinity  of 
the  ptag  there  is  developed  a  greyish-yellow  purulent  fociM 
of  ij — 3  cm.  in  diameter,  and  the  opidennia  covpring  this  is 
transformed  into  shreds  of  necrotic  tissue.  Later  on  tbu 
wliole  patch  is  separated,  the  rcsntt  being  a  complete  perfora^ 
tion  of  the  concha  and  sometimes  the  loss  of  a  still  larger  por- 
tion of  the  ear.  The  lesson  so  clearly  taught  by  thiaexperi* 
ment  will,  I  thinlt,  bo  apparent,  creu  thongfa  wo  have  notyek 
occupied  ourselves  with  the  subject  of  iuflammatiou.  The 
plog  of  flesh  nndorgoing  putrid  decomposition  oxcites  in  it* 
Tioinity  a  Bcvcra  inflammation,  which  terminat^ja  in  absceoi  or 
even  in  necrociifl ;  while  the  reaction  not  np  by  the  ping  of 
charpie  or  cork  \a,  on  the  cootraryj  quite  minimal. 

Now,  while  the  enmple  benign  thrombi  behave  exactly  like 
the  latter  kind  of  plag,  there  are  in  haman  pathoI^  r* 

which  must  be  judged  of  after  the  analogy  of  the  j..:'  .„  yf 
putrefying  flesh.  To  the  latter  class  belong  thn«e  umboti. 
which  have  an  uneven,  jagged  Burface,  act  as  rough,  foreign 
bodies,  and  by  their  unyielding  character  indict  injury  on  tho 
vessel  wall.  In  (his  way  pieces  of  calcified  cardiac  vaWes 
may,  as  yon  will  hear  later,  give  rise  to  solutions  of  i-nntiuoity 
cf  the  arterial  wall  aud  lead  to  the  formation  of  aueur}-Kmik* 
But  ondoubtodly  we  must  include  in  this  categury  all  thorn 
ploga  in  tho  production  of  wUoea  effects  a  material  uudrrgo- 
iug  decomposition  or  coloniea  of  baoteria  co-operate. 

The  wall  of  the  vessel  within  which  the  infective  thrombua 
is  seated  is  naturally  the  Br&t  structure  affected.  It  ia  for 
tUs  ntasoa  that  yellow  softening  is  asBociated  ma  a  rnU>  with 
inflBimnation  of  the  venona  wall,  with  a  trne  mippiirative  phlft^ 
bitia.  The  wall  of  the  vein  is  then  thickened  in  /^»^* ;  tho 
sheath  of  the  vessel  acquires  a  bright  red  culour,  aud  the  red* 
seas  may  even  be  due  to  hmmorrbage.  The  atlfftmlilia  and 
m^dia  also  become  hypeneinic,  and  reddish  patclies  glimmer 
through  the  non^vascuUr  intinui.  S(k»u,  however,  puruleofc 
•  Paaadr.  'Vinb.  A^'  Iviii,  p.  538.  ^ 
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iiinitnition  of  tlie  Teaous  wall  occiirs,  at  first  ixi  tbu  iiumcdiate 
t'iciiiitjr  of  the  vasa  vtuorum,  lUuu  l>etwccii  tliti  media  and  in- 
tima.  Tho  latLer  is  eluratcd  hcru  aud  there  by  exudatioa^ 
uid  uu  iospootiuf^  tho  iuDor  surfaco  of  tho  vessel  une  gets  an 
iiiiprcaskin  as  tlioii^'h  it  ^oro  coventd  with  small  yeltonr  pn»- 
luliiu..  The  Imxiuiiiiig  of  the  iuliniacuutitiuea  to  progrcHS  ;  it 
bwomofl  cruraplod  and  thrown  into  lougitadinal  folds,  and 
may  finally  he  ni|iiiimd  and  sopttrat^d  in  small  or  larger 
KJiri'de.  Long  Wfon;  ihiH,  howiwer,  tho  intima  has  lost  ita 
gliMlvniug  uppcamnco;  it  now  looks  dnll  and  faded,  and  in 
the  worst  catvs  has  changed  its  coloar.  When  the  inflam- 
nutioB  Bprmds  in  an  oatward  direction  sapparation  of  the 
periphlebitic  cellular  tiBHiie  takes  plat^; ;  and  it  is  possible, 
e^pcfiiilly  in  many  animals,  for  the  entire  vesael  wall  to  be 
perforated,  and  a  communication  e^tublishod  between  the 
puriform  contenta  of  the  rein  and  tho  vicinity,  giving  rise  to 
the  condition  known  as  venous  fistula.  The  phlebitis,  you 
Will  obsorvL',  is  in  these  cases  the  effect  of  the  yellow  soften- 
Ig— a  T>oiut  to  ho  specially  homo  in  mind,  stnco  the  relation 
iy  be  tliB  cuuTorsc  of  thia.  For  when  yellow  or  putrid 
tftening  occurs  in  a  vein  iu  contact  with  an  ichorous  foous 
or  lite  like,  tho  first  thing  to  become  implicaU-d  in  the  pro- 
iss  KB  the  wall  of  the  vein.  It  andergoes  purulent  indam- 
ktiuu;  and  thin  nets  up  thromboitis,  or  at  an}' rate  the  puri- 
liqupfaction  of  the  thrombus.  When  the  wbolo  series 
vnomeua  is  already  du%'elo|)ed,  when  a  complete  thrombo- 
litis,  as.  it  IS  called,  is  present,  it  may  often  enongh  be 
Bfficuli  to  determine  its  starting-point.  Vet  a  broad  oon- 
?mtion  of  tlie  relations  in  question  will  as  a  rule  lead  to  a 
^rlain  coDclusiun  as  to  whether  the  puriform  softening  has 
voeded  or  followed  the  phlebitis.  Tho  first  is  undoubtedly 
10  oummoncr  occurrence ;  but  no  mutter  what  the  sequence 
evMiis  may  have  been,  the  thrombosis  and  not  the  phlebitis 
»t(>rmiaeA  tn  every  case  the  whole  course  of  the  disease. 

For  the  inflammation  is  usually  local  and  confined  to  the 
inoaH  wall  and  its  inunedinte  surrouudiugs,  and  no  farther 
ttvDkiou  is  lu  bo  feared  except  when  the  inflamed  Tein  lies 
imuiLiUutely  bL-nuath  n  serous  membrane,  like  the  pchiOToius 
under  the  peritoneum  or  a  sinus  of  the  tlttra  7«cf^'■■  n">l.T  the 
i)ot  a  thrombus  from  which  emboli  nn^i .  li  off 
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can  display  itit  pemieioa?  elTectA  in  varions  remote  regions. 
Should  an  emliolus  »rrive  in  a  tprminal  artery  itH  i       '.  -  ■   i-aJ 
offects  as  evidenced   by  necrxjsis   will,  it  is  true,  ni .     _      jr*. 
]>onderate.      For  these  are  very  rapidly  evolved,  while  itt- 
UammatioDj  as  shown  in  the  experimeDt.  already  diitcnsivd, 
tlevelopB  as  a  mlo  but  Mowly.      On  the  otlior  hand,  nialignaot 
emboli  are  moat  pernicious  in  thoae  regions  precisely  whmv 
tho  benign  form  is  completely  innocnous,  i".  e.  in  arteries  with 
an  adequate  collateral  cii-culatiou  and  in  the  capillaries,  Kt 
here  the  circulation  is  absolutely  ondietorbed  by  the  plaff. 
and  the  development  of  inflammation  is  therefore  aiicheckvd. 
Typical  inflammatory  foci  are  now  formed  around  the  euitxrlo*, 
just  aa  around  an  infective  foreign  body  situated  outaido  (iiQ 
veasels,  and  moreover  the  foci  rt-aemble  those  arouud  a  fonnpi 
body  in  invariably  ti^rrainating'  in  tho  formation  vi  abscesn. 
Tho  rapidity  with  which  Ibei^e  suppurating  foci  arise,  and 
above  all  their  t^iKo  and  extent,  depends  chiefly  on  the  d(*gn» 
uf  malignancy  and  the  size  of  tho  embolus.     A  plug  which 
ia  not  arrested  till  it  reaches  a  capillary  gives  rise  to  »  small 
miliary  abscess,  while  around  au  embolus  too  volnminonB  toi 
pass  a  large  vcasel  in  the  liver  or  lung  large  afascesBea  are! 
formed.      These  arc  the  so-called  metaHtatio  abscesses,  whii'h 
have  long  been  regarded  as  charact'Crietic  of  snppnmtive  phle- 
bitis, and  which  have  made  this  disease  so  justly  dretUed. 
For  the  rest,  it  might  be  advisable  to  employ  the  expreanon 
metaatatic  fonts  rather  than  absce^  to  express  in  general 
terms  the  effects  of  the  specific  malignant  emboli,  for  bmidet  ^j 
typical  and  quite  unmistakable  inflammations,  htemorrhagea^^l 
may  under  certain  circnmetancea  result  from  these  emijoli—  ^^ 
hajmorrhagos  which  have  no  connection  whatever  with  tht 
variety  already  described  as  due  to  the  occlusion  ot  tcnnizia) 
arteries.     Under  other  circumstances  necrosis  may  bt^  the  con- 
sequence, and  this  is  uot  seated  beyond  the  plug,  as  is  tl 
case  when  terminal  arteries  are  occluded,  but  occupies  its 
mcdialf  ueighWurhood  sorruundiug  it  on  every  side.      M( 
over,  Bt'verul  of  these  processus  may  sometimes  be  ooinl 
in  a  very  remarkable  mannor ;  thus  otKirosia  may  gapurveni 
on  inflaminalion,  or  both  uf  tht^se  bu  complicated  by  hi 
rhage.     i  must,  however,  for  yoar  own  mkos  ask 
lo  defur  to  a  lat«r  oocasion  tkc  litscuaion  of  thu  qu< 
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)w  and  tlirongh  what  mioato  procensea  these  Tarionit effecttt 
ri^nate. 
Tbo  looalitioH  in  whicb  metastatic  foci  arc  to  be  met  with 
vy  be  inferred  from  the  fundamental  rules  already  educed. 
wndocaTtliiie  ulcerosa,  wben  tlie  Tulves  of  the  right  heart 
^«ro  affected,  it  will  be  in  the  pubnonary  circulatioB,  while  if 
the  left  heart  be  the  seat  of  the  disease  it  will  be  in  the  sys- 
amic  Tessola  that  metastaAos  \fi\]  bo  discovered.  In  the  vast 
ijority  of  such  cases  we  have  to  deal  with  small  miliary  foci, 
KQch  as  wonld  rusalt  from  capillary  emboli,  but  their  dimi- 
natire  abio  is  more  than  compensated  for  by  their  incredible 
BombBrs,  as  revealed  by  an  anatomical  examination  of  the 
wioiu  organs.  Tbcy  arc  prasent  in  tho  skin  and  muscles ; 
tbo  heart  as  xroXi  as  the  bone-maTrow  ;  in  tho  kidneys, 
)leen,  and  intestines  ;  in  tho  brain  and  its  mombranes  ;  in 
10  testicles,  in  tho  eyes,  in  short  when  the  aortic  or  mitral 
nre  tho  scat  of  ulcerative  endocarditis  there  ia,  in  fact^ 
or^an  which  may  not  at  one  time  or  another  bo  found 
occupied  either  by  punctiform  hGQmorrhagcs  (so-called  ptsU- 
eJiiM)  or  by  small  greyish-yellow  necrotic  foci  associated  with 
inflammation.  A  minute  whitish  point  in  the  centra  of  the 
petechia  or  miliary  focuSj  apparent  as  a  rule  even  to  tho  naked 
fe,  leads  us  to  suspect  that  embolism  has  occurred,  and  by 
I  carefully  carried  out  microscopic  examination  there  is  usually 
difficulty  in  discovering  the  characteristic  colonies  of  micro- 

8«ated  in  a  capillary  vessel. 
On  the  other  hand,  metastatic  foci  duo  to  thrombo-phlebitis 
rill  be  situated  in  tho  lungs  or  in  the  liver,  according  aa  the 
irstotaic  veins  or  tho  portal  tributaries  are  affected  by  the 
diaeaae.  Yet  metastases  may  bo  induced  in  the  aortic  syatom 
by  mftierial  conveyed  through  the  pulmonary  veini*.  These 
foci  vary  extremely  in  point  of  size;  amongst  them  aro  some 
vhoMo  dimeosions  arc  very  small,  miliary  ;  yet  many  of  them 
may  be  aa  large  as  a  walnut  or  oven  a  Borsdorf  apple  or  more. 
In  ooniradistinction  to  tho  infarcts  in  areas  supplied  by  ter- 
niinaJ  arteries,  these  mctastasea  havo  usually  a  globular  or 
approximately  globular  form,  so  that  when  they  reach  tho 
^xttfmal  surface  of  the  lung  or  liver  they  come  into  contact 
thfi  arroos  covering,  not  by  their  broadest  portion  or 
tt,  liko  the  infarcts,  but  by  only  a  small  segment  of  their 
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circnmferenco.     A  most  favorable  opportunity  for  flet«>rfflln- 
ing  tbo  complcto  similarity  of  these  foci  with  lobular  poen- 
nioniatt  terminating  in  suppuraCion  is  often  preseiitetl  tn  th* 
longs.     For  it  is  far  from  uncommon  to  fiml  aroaud  mulifc-l 
nant  emboli  in  one  and  tlie  Baino  lung  firm  grey  or  gn^puh- 
yuUow  pa.tcht>a  of  hepatisatiou,  together  vrith  oth^ra  iu  pf 
0008  of  transition  from  yellow  hepatisalJon  to  piiralent  softvo- 
ing,  and  agnin  others  which  are  nothiiig  more  or  lewi 
abscess-cavities  tilled  with  tenacioaa  yellow   pus.      On  tbo' 
other  hand,  the  intimate  couuecUon  o£  thu  inilammutory  pro- 
coBsea  leading  to  suppuration  with  oecrosiiEi  may  be  almost 
ways  demum<trated  iu  the  liver,  especutUy  iu  foci  of  recual 
origin.     The  growth  ot  the  focus  is  irregular,  owing  to 
implication  of  one  acinus  after  another  in  the  necrosis,  the ' 
earliDr,thoothorlater,tbe  suppuration  succeeding  the  neoroeis. 
Thai  colonies  of  bacteria  are  almost  ajways  found  in  ihett 
motaatatic  absceasos  will  not  eurpriae  you  after   what  baa 
already  been  stated. 

Yet  this  factor  at  onoe  leads  aa  a  atop  fortber.     U 
of  micrococci  be  aHually  present  in  the  circulating  blood|  il 
i«  clear  that  they,  like  air-bubblea  or  fat-dropa,  may  be 
along  by  the  blood'Stream,  till  they  roach  a  vaaael  whi^j 
doeanot  pomiit  their  further  pasiiagt^     Now,  with  refnvBMJ 
to  the  fat-<lrop8,  I  formerly  stated  that  many  of    ibaOt 
through  the  capillary  system  of  the  long  and  so  arriTeio  iW 
loops  of  the  glomeruli,  &.c.     Tlie  same  hold»  good  uaturally^^ 
of  the  colonics  of  bacteria.      These  are  indeed  !^ttl1  mure  likely  ^^ 
to  estabhflh  themselveH  in  the  various  oi^^aus,  not  mendy  b^• 
caiuo  the  material  of  which  they  are  coaipo»cd  ia  extraDoly 
soft  and   pUable,  but   bocauito    fragmonts   torn  off   {ran 
larger  maas  euibraco  within  themselves  all  the  oonditions  iorj 
»ub8i>quL>ut  grtiwth,  so  tltut  they  may  after  a  (in 
canily  urrotiird  somewhere  or  other.      If  yon  bear  . 
in  mind  you  will  have  no  difficulty  in  nndonuaading  how 
iH  that  in  ihr<iml>o-pblebitis  of  a  a^'stemic  vein  a'l 
dcroloped  not  only  iu  tho  lungs  but  occii>tionaI : 
supplied  by  the  fiortie  circnlatiun. 

But  for  il.        '   l;iction  ot  tbc-iM  foci  a  <' 
not  even  ij.  For  if  I  am  oom  . 

been  atatedj  the  importance  of  tho  ihrombo-Tii 
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eaiies  consists  solely  in  ita  affording  a  soil  for  the  dcTclopmcnt 
of  maltitudes  of  hacicria  within  the  rirctilation.  Henc^  it 
followA  that  when  in  any  otlicr  }>art  of  the  or^tiism  a  n>il 
favoroblo  to  this  development  is  pi-esoutcd,  fi'om  wliich  at 
\\w  tuuiie  time  it  is  posmble  for  bacteria  l:o  entor  the  blood- 
cImdiiuIii, mutastaiic  foci  may  origiiiati^  ovon  without  the  inter- 
tarrotico  of  a  purifonn  tliit>mbo8ie.  i^nd  tliis  ia  not  a  mere 
nmtler  of  iuferencoj  but  lia*  been  repeatedly  tho  subject  of 
dirvol  obiwrvatiou.  Thus  Weigort  hue  noun  Kuveral  caKes, 
aumi*  of  thum  in  Brusluu  aud  othuiti  in  the  iuatitate  hvrL',  in 
which  be  wim  ablu  tu  dutoriniiiu  that  buctvria  had  penelrattid 
from  a  suppurutiug  nruaud  into  the  ueighttouriug'  vuius.  On 
ihu  intvmal  KurfiLce  of  tliu  wall  of  tho  veios  thcro  wan  no 
UiriiiubtmiH,  but  muraly  adolicalo  dull  bloom  consisting  wholly 
of  bacioria.  The  longs  woro  free  from  abscesses,  white  tho 
cbaraoU-ristic  foci  wero  prftient  in  the*  myocardium,  livpr,  and 
kidnoys.  The  lirer,  owing  to  the  marked  slowness  of  the 
hInod-Htream  through  it,  is  the  favourite  seat  of  these  bac- 
terial  metastases.  In  fact  after  injuries  or  wounds  hepatic 
abKCCHH  ia  bo  freffiiently  found  a^soeiuted  with  abscess  oC  th<3 
luug^,  that  even  subiieqnently  to  tho  c^tablislunent  of  tho 
doctrino  of  embolitim,  not  a  few  theories  (some  of  them  of  a 
roally  rumarkable  character)  wcro  jiuftgeoted  to  explain  their 
igia.  Now  that  wu  havu  become  familiar  wnth  the  patho- 
inio  importance  of  tbo  HcliiKomyueKis  we  can  dispeiiHe  with 
iboM  peoaliar  theories,  Oie  more  so  as  the  liver  is  by  no  means 
tb»  only  organ  in  which  the  foci  under  discassiou  occur. 
They  are  q1:<u  found  in  the  myocardium,  in  the  spleen  and 
Icidaeys,  ia  the  brain  and  some  other  localities ;  and  it  is  not 
udikcly  ihat  the  inflammation  of  tho  intermascular  cellular 
ftlructures  and  suppurations  in  joints,  which  are  sometimes 
mpb  with  in  coiijuuction  with  metaatatio  ubscespes  of  the 
langfs  arr  attributablo  to  the  conveyance  of  bacteria  to  these 
rvgiona. 

The  laat  pariuf  uur  discussion  has,  however,  carried  as  far 
into  tho  domain  of  tlioae  highly  important  morbid  processes, 
wbich  in  Burgery  hnv4>  biK>ii  lung  claKsed  together  under  the 
nmnn^  pnrnlent  inLuxJcatioUf  pyuemia.  Wore  we  now  to  pro- 
Gc<i.<«l  lartbor  in  thi-  -'^r  -Tmn,  and  to  examine^  for  example, 
talit  .he  presonct!  in  the  blood  of   the 
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tlissolred  prodacteoE  rlecotnposicion,  saoh  as  mast  neoeuarilj 
Mtend  every  throm  bo -phlebitis,  wo  shnald  bo  waiiilrring  vpry 
widely  from  the  tAsk  which  we  set  ourselves  in  thU  \ociurv. 
The  time  has  arrived  when  we  may  properly  rcfmrao  tbo 
threail  of  oar  rlisicoarse  ab  the  point  where  we  let  It  drop,  and 
■continue  the  disciiseton  of  the  influence  exerted  on  th»>  cir«-^ 
lation  by  changes  in  the  condition  of  the  vessel  wall. 
thoagh  the  connection  of  the  latt«r  portions  of  thin  lecture  wil 
oar  main  purpose  has  perhaps  almost  escaped  yuu,  Wf  wer 
^nit«  justiBed  in  dealing  with  the  subject  in  this  connectiol 
Kor  py«mia  was  the  point  from  which  Virohow  8tart«?d  «I 
creating  the  wholo  doctrine  of  thrombosis  and  embolism,  ac 
it  is  the  mechanical  theory  of  the  morbid  processes  in  pj 
that  constitutes  the  most  brilUaut  result  crowning  this 
trine. 


Before  concluding  the  chapter  on  thrombosis  it  seei 
sirable  to  touch  on  a  side  of  the  qucatioa  which,  it  mast 
admitted,  up  to  tho  present  possesses  a  greater  theontk 
than  practical  interest.  In  the  cases  of  thrombosis  on  wl 
tho  foregoing  diucutwion  waa  iKued,  the  factor  dutermii 
coognhition  waa  always^  as  yon  will  oE  coarse  remember,  the 
abolition  of  the  8[>eci6c  action  exerted  by  the  vessel  wall  or 
rather  by  the  endothelium.  The  latter,  yon  are  aware,  bas 
tho  property  of  maintaining  the  vitality  of  tho  oolonrloi 
blood-oorpnscles  so  as  to  avert  an  far  om  possible  the  ilangvr 
which  wonld  arise  from  th(>  formation  of  free  iibrin-frrmont, 
while  it  nentralisea  the  influence  of  any  fermcut  which  may 
yet  chance  to  be  produced.  But  however  eminont  the 
vices  usually  rendered  by  ibis  enigmatical  capacity  of 
Teasel  wait,  it  has^  aa  X  mentioned  in  oar  intmdoctorjr  at 
vations,  itfi  quantitative  limits,  sn  thar  v.'  m  aome 

or  other  large  quantities  of  free  fernien  ■  iily 

the  circulating  blood,  the  vessel  wall,  thuugh  phyi>i< 
and  perfectly  intact,  does  not  prevent  coa-,- 
a  simple  inference  from  Schmidt's  dvct^ine^, 
resAon  an  experimental  examination  of  tho  itit 
mon*  iAt  \fe  dc'irt'd,  for  in  thi"    ■ 
OOiifinnntion  of  tho  dfictrines  i:i    : 
an  energy  pecnliarly  his  own,  baa  undertaJCDO  i 
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tion,  which  hoa  been  carried  onb  very  comprehensiTel}*. 
"During  the  last  fow  years  a  scries  of  monogTAphs  ba»  l>eeii 
iwuoil  Erum  the  physiological  lahoratory  in  Dorpat,  which, 
althoog'h  an  occaaiooal  want  of  agreement  in  matters  of  detail 
in  apparent,  is  well  wnrth  reading,  and  has  enriched  onr  know- 
ledge in  n  way  that  claims  our  gratitade.*  The  results  are, 
however,  too  numcrons  to  allow  of  their  cominDnication  t» 

The  line  of  investigation  pnrsned  by  all  the  researches  tu 
Dorpal  is  mainly  the  Htody  of  the  condition  and  action  of  free 

Efil        '  I  in  the  circulating  blood.     In  order  to  effect 

Lii  1       on  of  a  largo  quantity  of  ferment,  A.  Koblor 

took  advantage  of  a  fact  discovered  by  Schmidt,  namely,  that 
bring  coagulation  a  considerable  amount  of  Sbriu-fermonL  in 
■t  free  in  the  blood,  so  that  blood  in  which  coagulation  haa 
already  taken  placo  is  rich  in  this  sabstance.  Snch  bluod 
vhen  introduced  into  the  vessels  of  a  living  animal  excitt>8 
then  an  exquisite  and  extonfiivo  coagulation — as  Kuhlcr  found 
wen  in  hi»  earliest  experiments.  Thia  really  most  astonishing 
nsoli  may  bo  most  easily  demonstrated  on  a  strong  rabbit. 
Ten  to  twelve  cubic  centimetres  of  blood  are  taken  fnjm  an 
artery  and  allowed  to  clot  into  a  solid  caho  ;  as  soon  as  drops 
of  fierum  commence  to  appear  on  the  surface,  the  clot  is  cut 
np  and  ihf3  liquid  expressed  through  a  linen  doth.  The  blood 
thoA  obtained  is  Bttered,  and  about  5 — 6  c.c.  are  slowly  and 
^^hniioufly  injected  into  tlie  v.  jnijuliiri«  of  the  animal  from 
Hnicli  it  was  withdrawn.  A»  a  rule,  before  the  last  drops 
luiT«  been  injected  there  suddenly  arises  the  characteristic 
opivthotonos  ;  the  pupils  dilate  widely  ;  the  animal,  gasping 
for  air,  makes  painful  movements  with  mouth  and  nose ;  thu 
heart  labours  powerfully,  forcibly  shaking  the  vrall  of  the 
thorax— in  short,  we  have  the  well-known  and  unmistakable 
pictare  nf  fatal  pulmonary  embolism.  Oq  rapidly  opening 
the  thorax  as  soon  as  the  cornea  haa  become  insensible,  and 
pamlyns  of  all  the  muscles  has  aonoanced  the  animal's  death, 

•  Armiti  Kiiblcr, '  Tcbcr  TlironilKwe  nnd  Trunifuiion,  Ett«r-  ami  wpttKrlts* 

of^ir..'.  rin.l  ,!.-ti-:5   n.-ri>li«D)(  XBoi  Fibriiifenocnl.*  I.-D.  Dorpat,  tgji; 

I .  Patli.;  lii.  p.  383  ;  iiirk,  '  Du  Fibrinfeniwiit 

'    I>.  Dorpal,  1880:  Saclissendabl, '  Deberg«l0«tM 

o  Blot,*  I-D.  Dorpftt,  iSSo. 
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you  Bnd  tlie  rig^ht  heart,  Trhiofa  still  pnlaateB,  full  of  tenoAoaf 

matted  o1(>t44,  and  all  the  braiicfaes  of  t.h«  pnlioon 

of  botb  Itmgs  packed  full   of   W»uliflil    red  tin*. 

may  b^  followed  as  ffu-  as  the  Hmallest  tiranelte^  into  whi< 

tho  Mcm^OD*  will  pasH.      The  left  hpart  someli'i' 

small  cU»t«,  while  the  blooil  collected  frxim  ihp  n 

tlie  vaticiilar  i^stem  is  now  cunspicuoiiH  by  the  slowneeH  and 

difficulty  with  which  it  coaj^late!*.      The  fxpprip  y  bo 

vuried  in  many  ways,  e.g.  by  iujecting  tht?  uxpi' 

into  a  tnesenterio  vein,  or  into  the  carotid  in  the  direction  < 

tho  itorlH.     By  adopting  the  latter  mctliod  you  t>btaitt  u  fu 

thrombosic  of  the  left  heart  »ml  liortn,  whilu  by  m«orting  t< 

tho  former  yon  produce  a  tbromboHiH  of  the  vena  jtorU^t 

in  mbbitfl  ik  quite  a»  destructive  rb  CHrditic  thromboaiB. 

there  \s  no  i»>!<<eiitial  change  in  the  resulLs  of  the  experirnvnC 

It  Bhonld  bo  remarked,  however,  tliat  tho  fipaturc*  prcaonlcd 

hy  experiment:*  uf  tliiH   kind  are  vrry   far   fmni   eonitt&nljl 

Thronibosns  occasionally   fails  to  get  iu,  more  espociaUy  in 

dogs,  Insa  often  in  cats  and  rabbitn }  but  oren  in  tbo«o  vmm* 

tho  blood  in  less  coaj^nlable  tlian  before,  and  romainA  so  fo| 

iOToral  hourfl. 

Another  experiment,  long  ago  dcviHed  by  Kaunyii 
Franckcti,*  form*  a  rnrnpainnn  picture  to  this  one  of  T" 

aud  has  acquired  fresh  interest  in  the  light  of  tlie  n-- ij 

oarriod  out  at  Dorpat.  A  foir  cubic  centimetres  of  blood 
dofibrinated,  repeatedly  frozen  and  thawed,  beftti>il  to  6o*J 
or  treated  by  poss-ing  induction  currents  through  tho  liqnii 
till  it  becomes  transparent ;  this  transparent  liquid  is 
injected  into  one  of  tho  veinn  or  arteries  of  a  cut  or 
when  after  a  very  short  interval  an  extensive  cont;_. 
roBuIts.  If  aunyu  has  also  repeatedly  snooeeded  in  procurii 
acute  thrombosis  in  the  vascular  system  by  the  infuinon  iuU 
some  part  of  it  of  chelates  or  of  other ;  in  other  wnrdu,  bj 
causing  a  rapid  solution  of  largo  numbers  of  corpunt^los  in 
circulating  blood  ;  even  the  injection  of  pure  dissolved  ItlBlMt' 
globin  was  attended  with  tho  same  buccchs.  No  satis! 
explanation  of  tlictte  experimental  reauUa,  on  thu  accuracy  o1 

*  Pnnrlcrn,  '  Kin  Beitrag  xnr  Lettre  ron  dcr  BlulgvrinnnnK  Im  UhmJ 
OrfRaiiiDtii/  I.-Ii.  Dfir^t.  1S70 ;  Naunyn,  *  Arth.  f.  niwr.  V^ik.,'  hf-t 
PloM  aod  Ojoi^gru,  ibid.,  1 1,  p.  31 1. 


raEltBKT  OTTOKICATIOJI. 


S39 


V  on 


ivhicti  doabt  baa  beeu  unfairly  catttj  was  offered  by  Kaunyu. 
We  nuw  know  that  when  bloud  |mi^f>(is  fi-om  a  froscii  to  a. 
liquid  coudiiion,  ibo  trauHJtion  is  attended  by  tbo  reluatte 
of  a  oonsiderabla  quantity  of  fibrin-fermentj  and  that  dts- 
BDlved  haemoglobin  ^pvatly  euhaiicen  the  efficacy  of  the  lattirr. 
Finally,  Eidelberg  Uua  removed  nil  remaining  doubt  aA  to 
the  specific  action  of  the  fibrin-fennent  by  producing  instan- 
taneous, and  in  many  caAew  fatal,  eoagtilat.inii  by  the  use  of 
more  highly  amceDtrat^d  solutions  of  pure  fibrin-fennentthaa 
kad  been  employed  by  former  ansnccessful  experimenterfl. 

Thc^e  cxperimentH  may  then  be  regarded  as  affording'  irre- 
futable proof  that  coagulation  may  take  place  in  the  living 
circulating*  blood  even  when  the  vessel  wall,  inclnding  the 
idothclinm,  is  perfectly  intact  and  physiological ;  and  the 
Only  question  open  for  discussion  is — ^whether  the  prepared 
6bnn-ferment  introduced  into  the  blood  is  the  solo  caase  of 
the  thrombosis,  or  whether  in  conseqnence  of  the  experi- 
ment described  abore  many  of  the  blood-corpuscles  are  not 
also  dissolved  and  6briu-ferment  set  free  in  the  blood  itself. 
Thia  latter  possibility  is  one  which,  in  view  of  the  consider- 
able diminution  of  coagalability  of  the  blood  after  injec- 
tion, most  certainly  receive  consideration.  However  this 
may  be,  a  thrombus  so  originnted  mast  belong  to  the  red 
Tftriety  sinoo  it  is  composed  of  the  whole  quantity  of  blood 
prosont  in  the  affected  vesseL  In  this  reepect  it  vividly  rc- 
ealls  the  tbrombosis  of  stagnation  of  older  authors,  though 
regards  the  conditions  of  their  development  the  two  pro- 
have  nothing  whatever  in  common.  To  the  patholo- 
gist, however,  the  question  presents  itself— does  this  mode 
of  thrombus- formation,  duo  to  sudden  overloading  of  the  blood 
wilB  fibrin.ferment,  the  vessel  wall  being  nninjurodj  occur 
under  natural  conditions  ?  Indeed  Kohler  had  set  this  pro- 
blem before  him,  and  imagined  he  had  cleared  np  or  explained 
by  his  results  a  number  of  the  weightiest  and  most  compli- 
cated questions,  such  as  putrid  intoxication,  septic  and  puru- 
lent infection,  the  dangers  attending  transfnsion  of  blood  from 
a  different  species ;  yet  T  cannot  say  that  he  has  been  bo  happy 
in  bis  inferences  as  in  the  experiments  themselves.  The  error 
Dnderlying  his  deductions  consists,  so  far  as  I  sec,  in  his  atlri- 
bnting  an  important  part  to  tbrombosis  of  the  capillary  ves- 
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sola ;  for  sinra  it  is  impossible  to  explore  tho  cftpiUariea  widi 
forceps  and  scissors^  I  am  at  a  Iom)  to  understand  how  » 
thrombus  oc«upj*ing  a  capillarj*  is  to  be  diagnoeed  from  mn 
ordinary  post-mortem  clot.  The  notion  of  a  capillary  throm- 
bosia  due  to  ferment  intoxication  being  acconLngl}^  somo- 
what  fanciful,  Kohlor  is  still  further  from  pro^nng  that  Iho 
namcrouB  hemorrhagic,  inflammatory,  or  necrotic  foci  charae- 
lorising  tho  above-mentioned  processes  have  really  any  sort 
of  causal  connection  rrith  capillary  chrombosia.  iiohi  of  ihe 
Dorpflt  researches  have  traced  ont  the  history  of  patbolo-| 
gical  fonoent -intoxication  in  other  directions,  especially  with 
regard  to  its  influence  on  bodily  tcmpemtare.  We  sball 
meet  with  thorn  ngain  when  conaidoriog  tha  latter  subjaet. 
Bnt  I  am  at  present  unable  to  perceive  any  gaps  iu  the  his- 
tory of  thrombosis  as  observed  id  morbid  cooditious  thai 
would  oblige  lis  to  hare  recourse  to  the  theory  of  fermont- 
intoxication  in  order  to  fill  them  up. 

In  conclusion,  I  may  refer  to  a  oircttmstance  which  is  re- 
lated, in  a  certain  sense,  to  the  question  that  has  just  occupied 
our  attentiou.      Amongst  tho  exciting  causes  of  tbromboiit 
I  mentioned  contact  of  the  blood  with  foreign  bodies  which 
have  penetrated  into  the  interior  of  the  heart  or  voasela,  and 
my  justiGcation  for  this  was  the  fact  that  in  thu  great  majo- 
rity of  cases  of  this  class  contact  of  tho  blood  with  a  portion 
of  the  vesGel  wall  is  prevented  by  the  presence  of  the  foreign 
body.      Bat  it  is  conceivable  that  a  foi-eigu  IkmIv  migbt  re- 
main  in  the  midst  of  the  circulating  blood  without  at  rhe  sani» , 
time  touching  the  vessel  wall.     For  example,  when  in  a  Imrfpi  i 
dog  a  sound  is  introduced  through   the  v.  jugularitt  h<- 
heart,  it  will  of  course  be  in  contact  with  the  wall  at  u       _ 
where  it  is  secured  in  the  vessel,  but  it  need  not  touch  thu  i 
inner  surface  of  tho  auricle  or  ventricle.      Under  thcsn   cir- 
cumstances when  tho  blood  is  at  the  same  time  in  contact ' 
with  a  foreign  snbstanco  and  with  tho  perfectly  normal  eiulcKl 
cardinm,  the  nature  of  the  subscqacnt  ovenla  dt'|icnds  a1to-( 
gother  on  the  character  of  tho  foreign  body.      1/  this  bs  aj 
coiDpIololy  indifferent  substance  having  a  perfectly  Mnoolhi 

'       .88,  for  instance,  a  carefully  smot-*'  -       ' 

'■  ;iued  glass  rod,  it  may  lie  there       ,  .  , 

clots  need  b«  deposited  upon  it.     Ou  the  vtli«r  baud,  ii 
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the  rod  be  of  iron  or  whalebone,  or  if  a  roagh,  nneven,  or 
Btill  more  chemically  different  body  be  introduced,  howoTor 
carefolly  cleansed  this  may  be,  coagulation  never  fails  to  take 
place.  In  other  words  the  effect  depends  solely  on  whether 
the  foreign  body  does  or  does  not  exert  a  deleterious  influence 
on  the  colourless  corpuscles  that  approach  it.  In  the  latter^ 
case  the  blood  continaes  perfectly  floid  ;  in  the  former  the 
endotheliam,  though  intact,  is  anable  to  prevent  the  depo- 
sition on  the  foreign  body  of  true  thrombi,  which  are  then 
of  the  white  variety. 

*  Tb«  celebrated  reeearohefl  of  yuohov,  most  of  wbiob  hare  been  pablished. 
in  ft  ooDaeted  form  in  bis  '  Graammelte  Abbandlangen,'  pp.  219 — 73a,  fona 
the  fonndation  of  tbe  wbole  doctrioe  of  tbromboaia  and  embolum.  A  retume 
of  tbem  baa  been  given  by  tbe  antbor  in  bia  '  Handbacb  d.  spec.  Patb.,'  i, 
p.  156.  Cf.  is  addition  C.  O.  Weber, '  Handbnoh,'  i,  p.  €9  ;  further,  BilU 
rotb'a  *  Alls-  Cbimi^e ;'  Ule  nod  Warner, '  Allg.  Patb.  /  Ferla, '  Lebrboob 
d.  aUg.  Patb.  etc.' 
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INFLAMMATION. 


Ari«rio-aclero»it. — Fatly  degetwalian  of  the  vesseifi,- — Amytmd 
degmeralion. — Moleeuiar  ehanges  in  the  imncl  ttaJU. — 
Mieroacopic  olnKrcation  of  the  expoied  meaenierp  a»d  ef  n 
Kound  of  the  tongue,  an  well  as  of  the  fro^e  iongue  afier 
paintiitgil  with  crf/lon-oUj  touthiny  it  icilk  nitratfi  of  nltaer, 
or  after  the  tcm}torary  apjiltcati<m  ffa  Ugnturt  to  ite  rtt^t. 
— The  Tabbit'n  ear  similarttf  treate4.'-'Exptanatu>tt  of  ih* 
results  on  the  hyjwthens  ofmoVxuUir  charu^es  in  the  tesMl 
walU, 

Cardinal  symptom*  of  »rt/flm»uif«m.—Ru*bor.— Tumor. 
— The  lymph-8tream  in  inflammation. — Thr  bl^Mfd-prefmrti 
in  the  veweU  of  an  ittflumed  part. — Conntilution  of  the  w- 
fiammatory  transudation. — 7%«  blood  in  inJlammatiotK— 
The  red  blood-corpusehu  in  the  exttdation.-^MixvdaUons 
poor  in  celts, — Injlammation  icilhovt  tumor. — iUannrr  of 
tnan^estaticn  of  the  infiammalury  tumor. — Dolur. — Color. 
— DependCenM  of  the  latter  on  the  quantity  of  hhod  eirem- 
lating  through  the  injlanted  part. — FtiiiL-lio  ixsiL. — Com- 
parison vfith  the  local  dislurbanofia  of  thv  nreulaiion. 

Critique  of  the  neuru-humoral  tlteory  of  injtammaiitm^ — 
Imporianre  of  the  nerves  in  injlammnlion. — Criiiqve  of  the 

cellular  theory  of  inJUtmrnatiun. — The  so-rali&l  i '-  ■ 

changes  in  inflamed  tisaue-eells. — KeratUis. —  / 
of  the  hypothesis  of  a  molectiiar  change  in  the  <  tV, 

—Sejeeiion  of  a  theory  ofstomata. — Rrtrarnum,.,.  .4  ;-r.i« 
cess  of  infUiration, — The  alteration  in  the  tcall  prohahbf  m 
chemical  one. — Possible  co-operation  of  the  nervous  sysltfiHA 

Causes    of    injlammation. —  T^ric    i«/ "^'--^   _^ 

Wounds.— Tnjtitenee  of  tthisomycetfs.—Inf'  .a- 

tion«.— Coutagium  XiXnm.^-Biology  of  the  atntagium 
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ttntkrait.--'BpeeiJic  nalun  of  palhogenif!  baeieria. — So-called 
rheumatic  in^ammaiiaiu. 

Sthenu'  and  oHhenic  infinmrnatioiia. — CUutifiaiiwn  of 
inHantmatioTUi  aeeording  to  the  rharnet/ir  of  the  exndatifrn.— 
Afiutif  exanthemata. — Serou*  mjiammation«. — Bxwlatioiut 
in  nephritxa. — Tnjltimmatory  (fdema. — Fihrinaus  infiam- 
vuitioN. —  TntenttUial  ittjiammtUuttiit. — PurulerU  injlamtna- 
tion.~~Th«  poifOH  producing  fntppurat-ion.—The  micrococci 
of  *ep*i*. — Aftlniimt/r^,  — Jiiemorrhaffic  infiammation.^ 
Hixcd  rttiii  IranMtional  fonm. — Catarrh. — Stng»»  of  in- 
fitxtntnatimi. 

Terminatiinui. — Death. — Local  necnmiit. — Restitutio  in 
integram. — Bcmwal  outwards  of  the  exudation. — Ziwywwi- 
tion  of  the  exudation.-~ProijTes9ive  itijiammation.—Second- 
artf,  melagtattc,  wfiammationa, 

Batrogrefsive.  ami  degoneralite  i^an^e»  in  the  thauw 
during  inJfammation.-^Weigort^a  primary  1»ions  of  the 
tiwuea. — Reiienerative  proctJiae». — 7%e  formation  of  conneo- 
tivif  tiffue  hy  prtnluctice  in^fiammatton. — Fate  of  the  pua- 
eorpuBcteM  in  ejnttdatinnx. — Giant~relUi. — Glwfe'g  corpv^chn. 
— Formation  of  hlaod-vegseU. — Formation  of  vascidar  eon- 
uectivf.  tiMue. — Newly-formed  titMue  produced  in  exc^M. — 
Combination  of  regeneration  loith  proditctive  infiammation 
ru  eiremptitifid  in  the  heali'ig  of  uwnndtt,  Iho  riipair  offrac- 
lurw,  and  in  kcralUiA  and  pKritonitvi  adhxaiva. — Chnmte 
inftammation. — Cau»e«  of  chronicHy. — Varieti^  of  chronic 
ijtammntion. — Fofnig  oMunuid  hf  the  n«tplif  produced  con- 
rtire  tiA.iue. — Atrophy  due  to  contrartion. 

7%a  influence  of  other  dinturbaneea  of  the  circulation  and 
of  rhautje/t  in  the  ronfttilution  of  the.  hlnod  on  the  origin  and 
eourf^  uf  ifiytamtnations. — Predi.^vniition  to  inflammation. 
— ItUteritance  of  infective  infiamTnattonj, 


Wawrt  the  walU  of  fhe  smaller  vessels  have  nndorgrone  sach 

changes  that  they  perisfa  throughout  their  wholo  thickness, 

,0r  when  hkr^^r  vessels  aro  so  altered  that  their  innermost 

lyers  lone  tbeir  vitality  and  living  functional  capacily,  the 

blood  nmgnlates  in  them — there  arises,  as  we  havo  seoDf  a 

.throinboeis.     Thi:;  is  ttviilently  the  highest  concoivablo  degree 

ohuif^  of  which  the  vessels  are  capable  intra  viU»m,     But 
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ib  is  no  less  OTtdent  that  it  in  sot  the  only  posiible  kind 
change ;  and  hoforo  proceoding  to  examine  into  the  meniur 
in  which  alterations  in  the  vessel  walls  influeoce  the  circn- 
latioD,  it  will  be  neoeasaiy  first  of  all  to  look  about  and  see 
what  other  processes,  impairiag  their  phjrsiologioal  oonsUta- 
tion,  are  met  with  in  pathology.  One  groap  of  tbeie,  tn- 
olading  iroands,  ruptares,  in  fact  all  wlutioTU  of  amtinmity 
of  tbo  vessel  walla  will  be  miaiitel.v  dealt  with  farther  on;, 
many  others — aneurysm:*,  varieejt,  and  ttenostia  ;  calrijifoixcn  i 
the  tvnica  media  of  arteries,  arteno-wterong  and  atheroma- 
have  been  considered  in  previons  leotarcs.  To  many  of  jou, 
perhaps,  it  may  have  appeared  remarkable  that  wo  nhoald 
hare  placed  all  these  prooesses  onder  the  one  bead  of  altera^ 
tion  of  resistance,  and  bave  paid  no  attention  to  the  fart 
that  the  straotnre  and  cooBtitation  of  the  vessel  walla  present 
very  essential  doviationa  from  the  normal.  Bot  thoogh  I  aa 
not  of  conrso  at  all  dispoBod  to  deny  this  feet,  wo  wore  puti- 
iied  in  proceeding  as  wo  did,  inasmuch  as  the  stmotoral 
changes  in  the  veascl  walla  were  of  no  importance  for  the' 
circulation  id  tbcse  cases  oicept  by  virtue  of  their  povrr  of\ 
altering  the  reaintance .  An  artery  which  has  become  rigid 
from  petrification  of  the  media  cantiot  of  coarse  dilato  or  con- 
tract, while  at  the  same  time  llie  aid  nsoally  afforded  to  the 
circulation  by  the  elasticity  of  the  arterial  wall  then  coaae* 
to  be  rendered.  Bnt  within  these  limits  the  circulatory  di^ 
torbance,  which  may  yet  be  very  coaaiderable,  is  slrioUy  con- 
fined. Nor  is  it  otherwise  in  artcrio-scleroais  and  atbBroma. 
However  much  tbo  vascalar  lumen  may  bo  narrowed  by  the 
thickening  of  the  iutima,  however  greatly  the  dilatation  of  the 
lumen  through  relaxation  of  tonus  may  be  impeded,  eo  long 
as  the  endothelium  continuea  intact,  no  other  couseqneooe 
whatever  can  result  to  the  circulation.  The  same  consider*- 
tion  applies  still  mora  to  the  thick  cniuga  of  the  walls  of  t^ 
veins  which  arc  due  to  chronic  ondophlebitia :  bero  indeed  it 
applies  with  full  force,  if  for  no  other  reason,  becnoea  the 
resulting  prominences  never  become  so  coasidenble  aa  do  the  | 
knobs  and  plates  in  chronic  eudarterifcia. 

While  these  processes  are  by  no  moans  a^ 
of  imall  calibre,  it  is  in  the  larger  arteriftf 
chiefly  developed.     In  contrast  to  those— «ii:  la 
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'  T«BaelB  of  every  kind  and  size,  in  the  minntdst  perhaps  more 
{reqaeotlj  than  in  the  larger — is  another  pathological  condi- 
tion, naxaely,  fatty  def/eneration.  Numeroaa,  very  delicate, 
fatty  pslohee,  often  perceptible  to  the  naked  eye«  are  very 
commonty  met  with  in  the  intinis  of  the  aorta  and  other  large 
Toiaelai  fatty  degeneration  is  nothing  unnsuaL  in  the  mus- 
cnhirii  of  Bmall  arteries,  and  is  still  more  frequently  discov- 
ered in  the  adventitia  of  arterioa  and  veins  of  fine  calibre  ; 
bat  even  in  the  walls  of  capillaries,  e.  g.  in  the  brain  and 
other  localities,  the  occnrrenoe  of  nioro  or  less  large  numbers 
of  &fct-droplet8  is  far  from  rare.  Although  fatty  degeneration 
of  the  Tessela  is  so  common  an  event,  wo  can  say  but  little 
of  a  positive  cbaraoter  with  regard  to  its  significance.  Many 
ara  the  skatemonts  concerning  it  in  the  literature  ;  and  were 
we  to  judge  solely  from  tho  cases  for  which  fatty  dogonera- 
tioa  of  the  blood-Tcsaels  has  been  made  responsiblo  wo  might 
easily  be  tempt-cd  to  concede  it  a  largo  place  in  our  discus- 
■ions.  Tho  majority  of  such  atatomonta  arc,  however,  fur 
from  prored.  The  osaeriion  that  tho  contractile  power  and 
toons  of  a  fatty  muscular  coat  are  diminished  is  indeed 
pUotible;  and,  similarly,  there  is  much  in  favour  of  the 
assumption  that  vessels  when  fattily  degenerated  have  soffercd 
ft  loss  of  cohesion,  and  are  therefore  more  fragile  and  easily 
torn.  0£  the  last-mentioned  factor  I  shall  have  to  speak 
more  at  length  in  connection  with  raptures  of  the  vessels. 
But  with  respect  to  other  circulatory  disturbances  in  vessels 
whoso  walla  are  tho  seat  of  fatty  metamorphosis,  we  know  at 
any  rate  nothing  of  a  certain  nature. 

There  is  a  greater  dogroo  of  probability  in  favour  of  the 
assumption  that  ouch  disturbance  occurs  in  another  patho- 
logical process  which  affects  by  predilection  the  small  arteries 
■nd  less  often  tho  capillaries  and  veins,  namely,  amyloid  or 
4mrdmetiOtt8  degeneralion.  This  is  to  bo  inferred  at  least  from 
the  fact  that,  as  will   be   explained  more  in  detail  when  we 

LfCom*  to  treat  of  tho  {)athology  of  this  condition,  the  meta- 
bolista  suffers  in  the  cells  and  tissues  which  are  supplied 
by  Tassels  thai  liave  undergone  amyloid  degeneration ;  and 
ilw  inference  is  borne  out  by  some  very  definite  signs  which 
point  to  an  abnormal  exchange  of  fluids  through  the  diseased 
ry  valla.     I  have  in  mind  the  glomeruli  of  the  kidney, 
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which  vlieo  thus  degeaerated  allow  oousiderablu  qofintities  of 
albamen  to  percolate  ihrou^^h  t  hem,  as  woU  aa  bbe  aoTero  ud 
nDOODtroliable  waterj-  evacuations,  diarrhceait,  aoootnpuijr- 
ing  lardoceoDs  degeneration  of  the  vobboIs  oE  the  villi.  Hoay 
have  hold  that  by  the  amyloid  defrencration  abnurnibl  n>«ixV 
ancea  «re  inteqiolatcd  in  the  circulation,  or  oven  that  tfa* 
dcgeoeruted  Teasels  may  beoomo  complctoly  imporrioas  lo 
blood.  The  Utter  possibility  can  be  eatertaincd}  if  at  aU^ 
only  in -the  most  severo  {arm  of  the  discue  ;  and  with  rogsrd 
to.  the-  natare  of  the  supposed  circulatory  diflturbanc«,  i.  e.  in 
wbat-  FQspoct  the  blood>8tream  through  lardacooua  tbbmU 
doviatea  from  thenorm&l^  we  are  wholly  iu  the  dark.  Mmv* 
orer,  w&  aJiall  probably  long  remain  so,  for  the  siropio  rowKm 
that,  so  far  an  I  know,  amyloid  degeneration  baa  been  obaerred 
in  our  domestic  animals  only  in  very  rare  caees,  and  tlien  ka» 
mere  accidental  ^ewf^fioWiim  appearance,  for  wbiob  no  deftoita 
aggregate  of  symptoaiB  intra  vitam  had  prepared  ns. 

This  is  all  we  know  of  the  anatomical  ohanges  of  iht 
vessel  walls,  such  changes  as  are  discorerable  by  the  scalpel 
and  forceps,  or  by  the  microscope.  But  it  seems  Va  me  it 
would  be  nothing  short  of  an  insult  to  common  seoso  wore 
we  to  confine  all  possible  alterations  In  the  ooostitution  of 
the  vessel  woUs  within  these  limits  ;  were  we,  in  fi'  ils, 

to  pronounce  all   vessels  to  be   healthy,  normal,    -are 

neither  sclerosed  nor  fattily  degenerated,  nor  in  the  astyloiil 
condition.  If  it  is  impossible  to  judge  from  theappeanmee 
of  an  endothelial  cell,  or  even  of  an  entire  capillary,  wh^tber 
it  is  living  or  dead,  how,  I  ask,  vrill  yon  veutore  to  decide 
from  its  optical  characters  alone  whether  the  con  of 

a  vessel  is  normal  F      How  can  a  microscopical  t^ _uon 

exclode  a  possible  chemical  or  physical,  so  to  speak,  molf^ ' 
nUtT  deviation  from  the  normal. 

lu  fact,  a.  moment'it  consideration   will  show    tliat    sack 
molecuUr  nltorotions  in  the  condition  and  oonstitutJoa  of  tlia  I 
vessel  walls  mutt  take  place.     This  conduEJuu 
to  me,  inevitable,  inasmuch  as  in 
the  tissues  and  organs  of   tlia 
from  intari  jihrjnological    t^'c    io 
caJH:3  fUfJdet},  and  ui,  (ls   a   ruUf 
withdraw  a  loop  nf  intostino 
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and  expose  it  to  tho  air,  it.,  logciher  with  it»  vessels  oltimatelj 
perisliBtt,  but  death  i»  fnr  from  inRtaiitaneous;  rather  a  com- 
por&tireljr  lung  interval  mnst  elapse  before  this  point  is 
reached,  and  dvnng  it  the  disorganiKation  of  the  tissnes  and 
Ttwscls  prog-resses  Hitle  by  liule  till  they  finally  die.  If  yon 
cut  ofT  thi^  cii-ctitating  bUxnl  from  a  part  and  its  vessels, 
;ru8U  sets  in  ;  bat  here,  again,  as  yoa  know,  a  very  coa- 
kble  period  passes  during  which  the  tissues,  »n  »pecie  the 
wbIU,  become  gradually  di^sorganised.  At  a  temper- 
Cure  of  from  36° — 3^  C.  the  tifa  and  fauction  of  the  blood- 
Is  are  regular  tt-nd  normal,  at  one  of  aay  CU°  C.  thoy 
oertaiuJy  destmyed.  Now,  if  you  expose  a  vasoular  part 
'  u  tomporaiure  somewhere  between  theao  extremes,  though 
dovs  not  (lie,  the  ht-at  is  not  without  its  effect  on  the  con- 
litutiuii  of  the  ve»iiL-l  wulls.  LuKtly,  in  order  to  kill  a  [^rt 
tth  ita  vessels  by  the  actiou  of  sulphuric  acid,  the  latt«r 
luat  have  a  certain  uon central  ion  ;  a  weaker  solution  is,  how- 
ror,  Ear  from  innocuous  allhuugh  it  docs  not  instantaneously 
Btroy  tfau  vitality  of  the  vessel  walls.  These  examples 
1  think,  cx[il»iu  tiio  drift  of  my  thoughtSj  for  they  sIiott 
alleratitms  in  the  cimRtitutitm  of  the  vessel  wallB,  for 
which  the  term  vMieeular  just  now  appvars  to  be  the  most 
lititble  designation,  are  called  forth  by  a  number  of  influ- 
»■  of  the  most  dilfercnt  kinds.  But  if  such  alterations 
ir  we  are  justified  in  asking — what  effaci  have  ihey  upon 
rircuUiion  ? 
Yet,  however  natnral  this  question,  it  is  impossible  to  answer 
ia priori;  the  direct  observation  of  appropriate  cases  is  noces- 
iry,  and  it  will  be  best,  with  this  end  in  view,  to  have  re- 
>urs«  to  express  experiment.  This  may  be  carried  out  with- 
oDi  any  diBBculty.  Yoa  need  only  expose  the  vessels  of  a 
pari  to  the  air  by  removing  itJ*  protective  coverings  ;  when 
yon  have  Kuk'cted  a  tninsparent  tissue,  there  is  nothing  to 
ler  uicroscopio  observation.  The  simplest  method  is  to 
,fiat  the  intestine  of  a  curarised  frog  through  a  laterally 
opouiug  in  the  abdominal  wall,  and  to  bring  the  me- 
itMj  under  the  uiurouoope,  after  having  carefully  spread 
on  a  slide  udapti^d  tu  the  purpose.  Or  you  may  wound 
ary  surfaou  of  the  frog's  tongue  by  removing  the 
a  cut  of  ihe  scissors,  carried  parallel  to  the  aur- 
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face ;  a  camber  of  larger  aiid  smaller  resseU  will  thai  be  ex- 
posed in  the  base  of  the  wound.  No  furtherviolence  abooM 
be  aaed  after  tliis;  ou  the  contrary,  tho  more  carefully  yoa 
protect  the  preparation  from  all  distarbing  accidents,  as  con- 
tamination by  blood,  stretching  or  loss  of  moiatore,  the  mom 
regularly  will  a  succossioii  of  appoarancos  be  developed,  nhieli 
are  well  calculated  to  Folly  engross  your  attention.* 

The  first  thing  you  notice  in  the  exposed  TOsseU  ia  a  dilo-^ 
lotion  which  occurs  chiefly  in  the  arterieoi  then  in  the  reini^ 
and  least  of  all  in  the  captllariea.     With  the  dilatation  which 
is  gradually  developed,  but  which  during  the  spaca  of  fiftaen 
to  twenty  minutes  has  usnally  attained  considerable  propor- 
tions (often  exceeding  twice  ihe  original  diameter)  there  iB> 
mediately  sets  in  in  the  mesentery  an  aefetrraium  nf  the  bUoJ~i 
ttream,  most  striking  again  in  the  arteries,  bat  very  appareni] 
in  tlie  veins  and  capillaries  also.     Tet  this  aoederation  nei 
lasts  long;  aft«r  half  an  hour  or  an  bonr,  or scmettmee aft 
a  shorter  or  longer  iuterrn] ,  it  invariably  gives  place  to  a  d( 
cided  retardation,  the  velocity  of  the  stream  falling  more 
less  below  the  normal  standard^  and  so  continuing  as  lonj 
as  the  vessels  occupy  their  exposed  fiitualion.     Such  is  Lbu 
course  of  eventa  in  the  mesentery  experiment,  in  wfatoh  notJ 
only  the  vessels  of  the  mesentery  but  their  termioskl  ranii-| 
fications  in  the  intcstino  are  laid  bare.      In  tho  woand  of  IIm'^ 
tongue,  on  the  other  hand,  the  acceleration  is  often  altogetJiet 
absent ;  and/rvm  thefini  tkan  u  asaodated  with  tkv  dilata- 
tion  a  relardatioH  of  tht  atramm,  which  inoreases  as  ihe  dila- 
tion inoreases.     This  is  the  case  at  least  when  a  nombBr  of 
larger  brauohce  arc  expoeed  in  the  woond,  bnt  not  their  Snerl 
ramifications.      Should  the  latter  also  be  laid  bare,  a  tempo- 
raiy  acceleration  precedes  the  slowing  of  the  blood-atrcam, 
which  MTer  faila  finally  to  set  in  in  the  exposed  ronsels. 

This  stage  baring  been  nachcd.  tho  Teaselaan  seon  to 
all  of  them  very  wide ;  a  mnhitnde  of  eapiUaries  which  wcni 
fonseriy  hardly  perceptible  can  now  ^ 
pnlwrioii  is  -QiiDflaally  conspieaooa  oti 
tknu  of  tho  arteries ;  while  the  flow  is  •«• 
than  normal,  so  that  the  icd 
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recognised  not  onlj  in  tlio  capillane>&  bat  also  in  Uie  reinii, 
nnd  during'  diastole  cvou  in  tho  nrtorics.  In  conseqaence  of 
tbo  tardy  forward  moToment  the  corpuscles  accnmnlate  in 
largo  naoibers  in  tho  capillariosj  so  that  Ifae  latter  appear 
roddor  than  usual,  and  tbcrofore  fallur,  more  volaminous  ;  yet 
tbuir  croBS-aection,  ns  just  staled,  ia  only  very  inDonsidurably 
enlarged.  But  it  is  tho  veins  rather  than  the  capillaries  that 
attract  the  notice  of  the  olwerver ;  for  slowly  nii<l  gradunlly 
thero  is  doTcloped  in  tbcm  an  extremely  charactt'risiic  condi- 
tion ;  the  oriffinaily  plastnatie  zone  hwomet  filled  tPttk  innumc' 
Ttihlc  ralourUMg  eorpugcUs,  Tho  plasmatic  zone  of  the  tdids, 
JOB  will  remember,  is  always  occupied  by  scattered  coloor- 
leoa  bUxtd-corpuscles,  which,  owing  to  their  globular  form  and 
low  speci6c  gravity,  arp  driven  into  the  periphery  of  the 
Rtream,  and  whose  ndhc!dvene.sfl  makes  it  difficult  for  them  to 
kpe  from  tho  wall  once  they  have  come  into  contact  with 
ft."  It  w  fibrinns  that  thia  difficulty  will  be  enhanced  in  pro- 
portion to  the  Blownesa  of  the  blood-stream  ;  and  thna  it  is 
not  aarpnsing  that  a  gradual  accumulation  of  large  numbers 
of  coloarless  corposclea  should  take  place  in  the  peripheral 
lone,  and  here  come  to  be  comjmralively  motionless.  For  that 
a  state  of  abeoluto  rest,  an  actual  standstill  is  oat  of  the  ques- 
lion,  I  need  hardly  mention  expressly ;  the  colourless  cells 
of  thu  plasmatic  layer  remain  stationary  at  most  for  a  time, 
they  then  advance  a  little,  and  perhaps  make  another  short 
bait,  and  so  on.  Yet  this  does  not  lessoa  the  striking  con- 
trast presented  by  tho  central  oolomn  of  rod  blood -corposcles, 
flowing  on  in  an  uninterrupted  stream  of  uniform  velocity, 
and  the  peripheral  layer  of  renting  colourless  cells;  the  inter- 
nal surface  of  the  vein  appears  paved  with  a  single  but  un- 
broken layer  of  colourless  corpuscles  without  the  interposition 
at  any  time  of  a  single  red  odo.  It  is  the  separation  of  the 
white  from  the  roil  corpuscles  that  gives  the  venous  stream 
in  these  cssoa  that  characteristic  appearance,  anything  analo- 
gOBi  to  which  you  will  look  for  in  vain  in  tho  other  vessels. 
For  in  the  capillaries,  although  largo  numbers  of  colourless 
Uuod-corpuBctca  adhere  to  the  walls,  there  is  always  an  ad- 

*  (Vndftii, '  Pbjiiologie/  aber.  von  Theite.  zwl  ti.,  p.  135 ;  E.  Heria^, 
A   SUg»li..'   Irii,  Abthlg.  3,   Pebraubeft,    1868;   SVlueir-tkv. 
i,  pp.  603.  657. 
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mixtarc  of  red  cells,  or  rothor  these  are  veiy  deouleiUy  id  till 
majorit)'.      Lastly,  in  the  art«ries  there  ia  seen  during  dii 
Htole,  aluOAl  at  tho  moineut  of  «>xitof  the  wave,  a  niimbor  <i\ 
colourless  blood-corpusclea  rulliog  straight  Cowards  iha  pvi 
phery ;  yet  the»e  are  always  swept  into  the  stream  at  thi 
next  systole,  so  that  the  development  of  a  resting  pohpboi 
layer  is  here  altogether  oat  of  the  quo^tioii. 

But  the  eye  of  the  observer  hardly  has  time  to  catch  all 
the  details  of  the  picture  before  it  is  ftttered  by  a  very  uti< 
expected  occurreoce.     Usually  it  is  a  vein  with  the  typi 
peripheral  arraDgetueot  of  the  white  corpuaoles,  but  koi 
times  a  capillary,  that  lirst  dispUys  the  phonomenon. 
pointed  projection  ia  seen  on  the  external  contoor  oE   tb« 
ressel  wall  -,  it  pushes  itself  further  outwards^  increases  in 
thickness,  and  the  pointed  projection  is  transforuied  into  a 
colonrleas  rounded    bump ;   this  grows  longer  and  Uucker^ 
throws  out  fresh  points,  and  gradually  vithdraws  itself  fromi 
the  vessel  trail,  with  which  at  last  it  is  coonected  only  by  aj 
long  thin  pedicle.      Finally  this  also  detaches  itself,  and  oui 
there  lies  outside  the  vessel  a  colourless,  faintly  glitl-oring; 
contractile  corpuscle  with  a  few  abort  processes  and  cue  luii^ 
one,  of  the  size  of  a  white  blood-cell,  and  having  onooriBOi 
nnclci,  in  a  word,  a  eolaurleaa  htood-corpuatU.      W    '       ' 
taking  place  at  ono  spot,  the  same  procc&f  has  i' - 
on  in  other  portions  of  the  veins  and  capillaries,      tjutl* 
large  nnnibcr  of  white  blood-cells  have  betaken  tbeniifdi 
to  the  exterior  of  the  vessels,  and  these  are  coustantlj  IvH- 
lowed  by  fresh  ones,  whose  place  in  the  peripheral  layer  ii.] 
immediately  occopted  by  others.      Like  every  stage     ' 
entire  process  on  from  the  moment  of  exposure,  theat 
meua  may  develop  either  r^dly  or  slowly  j  at  ono  iioao 
earliei<t  miigration  very  quickly  anconds  the  paveoieuting;' 
at  another  ua  hoar  or  mure  may  pase  vithout  anything  hap- 
pening to  draw  attention  to  the  contoar  of  a  single  vein  or 
capillary.      Id  any  case  the  final  result,  after  six  or  eight 
mure  hours  have  elapsed,  will  bo  the  onolDanre  of  all  11 
veins,  small  and  largo,  of  the  mesentery  or  woond  of 
tongue  with  several   layers  of   colourleiss   I!     '^ 
These  fence  tn  the  veins,  in  the  interior  ol    ■ 
viously  described  conditions  continue,  namely,  Iho  pwij 
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uraogomonC  of  the  colourless  celU  and  tliD  central  nobrok^D 
fiun  of  rod  blood-corpusclee.  NutLiug  aoalogoas  has  occurred 
iu  conm-ctiuu  vnl\t  the  art«ri(>.s,  //itir  vmlttur  Iian  renmined 
mmtn'th  at  befm-e,  nor  can  a  solitary  corpuscle,  red  or  whitCj 
bu  discovered  on  iheir  outer  Hurfaci's,  except  of  course  such 
ua  may  have  rmched  them  from  tho  seighbouiijig  veius. 
On  Uie  other  hand,  the  capillarieH  take,  as  already  meutioued, 
.»  vary  activo  part  iu  the  procesa,  yet  these  and  the  capillary 
Tcins  differ  remarkably  from  the  reins  proper  in  that  not 
noraijr  eohurlagg  bnt  red  corpuscles  omigrato  from  tbem. 
Thin  resolt  is  completely  in  harmony  with  tbe  condition  of 
the  stream  in  tbcBO  vessels,  for  I  havo  already  called  your 
atteutioD  to  the  fact  tbat  in  tho  veins  only  Tvliito  corpuscles, 
in  the  capillaries  both  varieties,  are  in  contact  with  tho  vessel 
wikU,  so  that  Trhether  n  prepondorttuco  of  white  or  of  red 
corpuscles  passes  out  of  a  givcu  capillary  depends  solely  on 

IB  Qiuncncal  relalions  of  tho  cells  accumulated  in  its  in- 
Fterior. 

Keeping  pace  M-tth  tlils  ej-odiui,  emigralion,  or,  us  it  is  also 
td,  esintrttgat'utu  of  corpuecular  elcmcntJi  there  occurs  an 

lOreAHed  tmusitdaiiou  of  duid,  io  coase<]uence  of  which  the 
mesbos  of  the  mesentery,  or  the  tissue*  of  the  tongue,  are 
r  >il  and  swell.     Bnt  thiit  is  not  all.     The  extravasat«d 

t^.i. _,..-;}  corpuscles  distribute  theuiselres,  iu  proportion  ae 
Ikftir  DUDibers  iucrease,  over  a  larger  area,  forsaking  the 
Doigbbourbood  of  tho  vessels  from  which  they  were  derived. 
-tTha  tissues  become  more  and  more  deuiicly  packed  witb  tbem, 
while  the  red  cells,  which  have  not  the  powor  of  independent 
locomotiouj  rumaiti  seated  iu  the  vicinity  of  tbeir  capillaries^ 
yet  these  al&o  may  be  carried  off  by  the  stream  of  transuda- 
ticai.  Soou  a  uiumenl  must  arrive  when  tbe  products  of 
exudation  and  traufludation  cau  uu  lougor  bo  accommodated  iu 
tho  ti£8U(>H.  Tbey  now  gain  thu  freo  surface  of  the  mceen- 
t«ry,  and  should  tho  tr&nsaded  tloid  coagulate,  as  is  tbe  rule 
B,  the  final  result  of  iht>  procesHea  just  described  will  bo 

(e  dcjumtion  on  the  mesvnlrry,  as  well  as  on  the  inteattne,  of 
a  Jtbrinaun  par-utto-mmtbranr,  densely  packed  viik  eolauriBM 

ioud-e4jrjni*eltJi,  nnii  mitrfftcrsnl  viib  imiaifd  rf.d  celle, 
Tho  appearances  are  essentially  the  same  aft^r  painting 
tlio  smooth  Burfaoe  of  tho  frog's  tongue  with  crototi'oU,     Of 
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conree  it  ia  absolntely  necesitary  to  employ  the  OTotan<on  in 
extreme  dilation — about  one  part  to  forty  or  fifty  of  oliro 
oil — and  even  thea  to  allow  the  oiixture  to  act  only  a  Torj^ 
short  time.  For  if  yoa  do  not  soon  wipe  uit  the  otij  or 
more  if  yon  make  use  of  a  coDcentratcd  solution,  you  ati 
get  an  intense  corrosive  action>  as  evidenced  by  the  /> 
tion  of  thrombi  in  the  larger  ressels,  and  the  occurrence  of 
complete  stagu  in  some  of  the  capillaries,  more  especially  m 
the  superficial  ones.  The  weak  Bolution,  on  the  other  band, 
provokes  an  enormoiu  dilataiiott  of  all  tlie  vesft«U,  wlucb  al 
first  is  accompanied  by  a  wry  great  acceleration  of  the  blood- 
stream.  After  a  time,  however,  the  velocity  commaaous  to 
dimiuisb  in  the  dilated  vesselsj  and  is  converted  into  &  pro- 
nounced retardntitin  of  the  entire  circulalion  through  tbe 
tongue.  With  ihe  retardation  there  is  simultaneously  del 
loped  the  peripheral  arrangemml  of  tha  colovrleMa  hlood-ci 
pttaeles  in  the  veins,  end  the  accumulaf  ion  of  blood-corpuscl 
in  the  capillaries,  which  is  so  extreme  as  to  result  in 
actual  stagnation  of  the  red  cells  iu  such  of  Uie  latter  aa  are 
Buperficially  situated.  And  now  it  will  not  be  long  befon 
extrarasation  from  some  of  the  capillaries  and  nina  beghu. 
As  might  bo  expected,  tbe  veins  supply  only  oolonrloss  cor* 
pusclesj  the  capLllaries  whose  blood  is  becoming  Bto^ant 
almost  exclusively  red,  while  from  those  eapillaries  in  irhirb 
the  flow,  though  retarded,  is  still  sustained,  culonred  and  nn- 
oo]oure<l  cells  pass  onl  together,  at  one  point  more  ooloarlsv, 
at  another  more  red,  and  these  may  even  collect  into  st 
clumps  outside  tbo  vessels.  At  the  same  time  the  sirellt 
of  the  tongue  gradually  increases,  it  becomes  intensely 
dened ;  a  multitude  of  small  punctiform  hiemorrbagea 
already  apparent  even  to  the  naked  eye,  whilo  mict 
-cxamioation  reveals  a  no  less  dense  accumulation  of  coloarl 
corpuscles  throughout  its  tiasoee.* 

The  development  of  this  process  ia  still  more  evident 
more  easily  observable  when  only  a  portion  oi  Hut 
and  not  tho  entire  organ,  is  corroded.     l*he  action  of 
caostio  shades  off  and  becomes  gradually  feebler  townnls  tl 
periphery,  so  that,  by  passing  from  the  ciri  ■         ■    -itjo 
centre  of  the  injured  port,  one  boa  an  onni. 
*  Oobalithn,  *  Km*  natenacba&ifni  obor  dw  1^- 
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ing  side  bj  side  the  wliole  of  tlie  processes^  wliich  otherwise 
Are  obserreiS  to  develop  iu  succc&sioB.  On  microscopic  ex- 
amiiution  of  the  frog's  tongue,  a  circomscribod  portion  of 
which  has  been  touched  with  nitrate  of  silver  or  other  caustic 
on  the  previous  day,  yoa  find  the  vicinity  of  the  part  to  which 
the  CQustio  has  been  applied  swollen,  and  pro&ontiug  a  number 
of  almost  coQoeatrio  sooes.  At  the  periphery  you  come  upon 
a  perfectly  normal  circulation,  then  upon  a  zone  of  dilated 
ressels,  in  which  the  flow  is  retarded,  but  whose  contour  is 
amooth ;  next  npon  another  zone  of  dilated  vessels,  from 
wliioh  abundant  extravasation  is  taking  place — an  extravasa> 
tioD,  as  invariably  happens,  of  colourless  blood-corpasctea 
from  the  capillaries  and  veins,  and  of  red  cells  from  the 
oapillarieB.  Then  follows  still  auotber  zone,  in  which  the 
fiow  is  excessively  retarded  and  the  capillaries  densely  packed 
with  rod  corpuscles  almost  at  rest :  it  is  here  you  meet  with 
the  mo-st  copions  diapodesiB  of  red  corpuscles.  To  this  snc- 
ceeds,  further  inwards,  and  immediately  surrounding  the 
««char,  a  zone  of  ahaolute  eiagis,  in  which  the  blood-vessels 
are  mortified  and  their  blood  coagntatcd,  and  as  a  result  of 
ooorso  all  extravasation  is  here  at  an  end.  The  last,  the 
central  point  of  the  entire  series,  is  obviously  the  eschar.* 

I  may  remind  you  further  of  what  I  formerly  stated  as  to 
the  consequences  of  temporarily  shutting  off  the  blood  from  the- 
vtntU.  True  it  is  here  from  the  nature  of  the  case  impos- 
sible to  follow  with  the  eye  the  gradual  development  of  its 
eSeota,  but  iu  this  way  wo  can  all  the  more  Euccossfully  act 
00  the  vessel  walls  themselves,  and  subsequently  study  the  in- 
fluence of  tho  affection  on  the  circulation  iu  them.  On  remov- 
ing a  ligature  which  has  been  allowed  to  remain  tightly  bound 
round  a  frog's  tongue  for  from  twelve  to  twenty-four  hours, 
fell  Ibo  blood* vessels,  as  was  formerly  shown,  undergo  an  cnor- 
niDui  dibtatiou,  and  the  blood  flows  through  thom  with  great 
velocity.  After  a  time,  however,  they  again  contract,  where- 
Dpon  there  is  a  gradual  and  complete  restoration  of  tho  normal 
conditions,  without  a  trace  of  anything  to  indicate  the  dis- 
tnrbaoce.  When,  on  the  other  baud,  the  ligature  has  been 
applied  for  from  thirty-six  to  forty-eight  hours,  there  follows 
at  once,  joat  as  in  the  former  case,  a  primary  dilatation  with 
*  QsluilitfaD,  '  Nf  Bt  UDleiiuchaDgeo  ub«r  die  EaUtiaittog/  BorUa,  1872. 
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aeceleration  of  tfao  stream  ;  bat  wIiUq  the  dtUtatron  roniKiDi 
approximatolf  within  Iho  samo  Hmiia,  the  (icooleration  aft 
a  time  makes  way  for  an  evident  relardalvm  of  the  itTauii,| 
anA  this  is  hero  too  tho  siffnal  for  tho  periphoral  arrangeraenl 
of  the  colonrlcBS  co)U  in  the  veins,  (ind  for  tho  orerlti.'i  ' 
the  capillaries  with  blood-corpnsclos,  on  which  extra- 
from  the  reins  and  eapillaries  and  (BdomatoaB  swollingf  of  the 
tongne  very  shortlj  follow.     If  the  liffaturo  is  not  ri«raDT»d1 
tilt  after  about  sixty  hours,  the  Rame  oft-mentionod  BoriiM  of 
phenomena  are  developed,  bat  the  rctArdation  of  tho  stream 
gradnolly  becomes  so  considerablo  that  an  flctasl  staf^stic 
of  red  bloodwjorpusclpfi  occnra  in  many  of  tho  capillnries,  and] 
from  these  proceeds  darinj^  a  period  of  some  hoars  so  enc 
moDS  a  diftpedesis  of  red  blood-cells  that  the  swollen  ' 
appears  epeckJed  with  red  even  to  the  naktHl  vyo.      i 
be  noted  that,  nnder  theso  cii-cnmstanccs  also,  tho  artenen 
are  not  in  anyway  involved  in  tho  eitr»va?alioii,  however' 
extreme  the  amount  proceeding  from  the  reins  and  capillaries. 
That  the  circulation  shonld  completely  fail    to  be  restoradj 
whcD  the  anoomia  has  lasted  still  longePf  say  over  throe  dkysJ 
will  appt>jir  nnly  natunLl^  yot  yon  will  be  inl^'rest^d  to  leaniJ 
that  tho  blood  then  barely  forces  its  way  into  tho  commeBce-| 
ment  of  tho  arterips  a  little  distanco  in  advance  of  the  point 
of  ligature,  and  that  all  farther  motion  shortly  ceases,  so  fcbslj 
no  more  blood  reaches  the  small  arteries,  to  say  nothing 
the  capillaries  and  veins.* 

Wbatever  has  h«^n  nhown  by  these  experiments  to  apply 
to  the  frog,  is  no  less  applicable  to  wanti-bloode<l  animaU.j 
«.  g.  the  mammalia,     Kiposnre  of  the  roepentf ry  may  also  bftj 
very  readily  effected  in  small  rabbits,  and  wilh  prrcisely  tht»| 
same  results,  except  that  here  the  death  of  the  vessel*  aial 
accompanying  coflgtilntion,  occurs  earliup  iban  in  tl- 
because  the  external  conditions  are  mnch  less  favors'    . 
tho  experiment,  and  above  all  becaase  the  vessels  of  tha 
testines  and  peritonf-nni  are  far  loss  capable  of  r-    ■  ■ 
the  rabbit  than  iu  the  frog,     Thomaf  has,  bowe^ 
taught  us  bow  to  orercomo  these  diflioalticii  by  • 
mitably  conslmcted  hot  stage,  and  has  tin: 

t  TbaOM, '  Vireh.  A.,'  hiit,  ji.  afie. 
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igthened  exatnination,  in  detormminf;^  the  identity  of  tliese 
proceuea  oa  observed  in  tKe  dog  with  those  occurring  in  the 
frog.  Tho  attempt  to  follow  mioroBcopically  in  the  liring 
mammal  the  effects  attending  the  application  of  corrosives  or 
the  cutting  off  of  the  blood-sapply,  has,  despito  every  effort, 
so  far  miscarried ;  but  as  though  by  way  of  compensation, 
mnoroscopic  observation  in  all  the  more  easily  carried  ont. 

00  painting  the  ear  of  a  rabbit  with  croton-oil,  yoa  fail  Co 
detect  the  least  trace  of  alteration  during  the  first  hour. 
Not  until  seventy  or  eighty  minutes  have  elapsed  do  new 
voesela  begin  to  shoot  up  and  thoso  already  risible  to  dilato. 
Then  the  ear  becomes  moro  uniformly  red,  owing  to  the  con- 
tours of  tbe  vessels  having  loat  tboir  precisionj  while  pari 
passu  a  swelling  of  tho  concha  sets  in.  A  few  hours  later 
tho  oar  is  vividly  and  diffasoly  reddened,  hot,  greatly  swollen, 
and  marked  in  many  places  with  points  and  streaks  of  red. 
Thot  Iheac  are  nothing  but  circnmscribcd  accumulniions  of 
red  blood-corpuscles  or  small  hivmorrhages  will  be  recognised 
by  BTciyono  oven  without  a  microscopical  examination,  bat 
tho  microscope  must  be  resorted  to  in  order  to  establish  the 
proBonce  of  immenRO  multit.ndes  of  lymph-corpURclt^A,  which 
fin  OQt  the  interstices  of  the  thickened  ear,* 

The  examination  of  a  portion  of  the  rabbit's  ear  to  which  a 
ingtic  has  been  applied,  when  properly  carried  out,  leads  to 
Mults  perfectly  according  with  those  observed  in  the  tongue 
of  the  Erog ;  and  that  the  effects  attending  the  cotting-off  of 
tho  blood-supply  in  mammals  are  simitar  to  those  in  the  frog 
will  at  ouco  be  clear  to  you,  on  calling  to  mind  the  picture 

1  drew  on  a  former  occasion  of  a  rabbit's  ear  so  treated.  In 
fact  tho  only  diiforenco  consists  iu  this,  that  the  rfspectlve 
actions  of  the  aneomia  on  the  vessel  walls  are  much  more 
rapidly  established  in  tho  rabbit  than  in  the  cold-blooded 
animal.  An  iscbmmia,  which  in  the  latter  oalls  forth  a  mere 
transitory  hyponemia,  causes  swelling  of  the  ear  of  the  rabbit ; 
and  if  the  ligature  has  been  applied  to  the  root  of  the  ear 
for  as  long  a  time  aa  would  iu  tho  frog's  tongue  be  required 
for  tho  prodnction  of  extravasation  and  oedema,  hsmorrhage 
invariably  occnm,  and  indeed  it  is  nothing  nnasoal  for  the 

»r  to  be  partially  killed. 

<  Gwlufawiu,  'Nvnc  UnlvnodinDgeo  iUwr  die  Entz&iiduog,'  BerUs,  1673. 
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Lastly^  this,  as  yon  notico,  uovarying  series  of 
may  also  be  broaght  about  in  the  rabbit's  uar  by  t 
action  oi  unduly  high  or  low  temperatures.     On  planging  a 
rabbit's  ear,  ligatured  at  its  root,  into  water  at  a  iomperatare 
of  from  42^  to  44°  C,  or  on  allowiug  it  to  romnin  a  Bkoil 
time  in  a  freezing  mistoro  til)  it  acquires  a  tempcraturo  til 
from    —3"  to  —4°  C,  you  observe,  immediatoly  after  th< 
normal  warmth  has  been  restored  and  the  ligature  removed, 
a  vary  intense  active  eongeilum,  which  posses  off  after  a  ti 
On  tbe  other  handj  48**  or  49°  of  heat,  or  —  7°  or  —  8"  of  col 
is  followed  by  a  more  or  less  intense  rosy  mcdling,  i.  e. 
oedema  with  slight  extravasation.     The  extravasation,  how' 
ever,  becomes  very  copiona,  and  the  swelling  much  mora  con 
siderable,  wben  the  temperature  of  the  concha  has  been  rataod 
to  50",  52°  or  been  reduced  to  —  lo**,  —  ]2'',      After  stil 
greater  extrdmeSihajmorrhagesare  invariably  met  with;  while 
lastly,  temperataresof  from  56^  to  60^,  or  from  —  18°  to  —^, 
render  the  restoration  of  the  circulation  impossible.      Id  on 
ear  wliick  has  assumed  tbis  degree  of  heat  or  cold  for  a  few 
minates,  yon  will  at  most  only  sncceed,  oven  after  the  most 
Careful  possible  treatment  by   means  of  gentle  fricliou,  ^^, 
in  causing  Eomo  blood  to  peoutrate  a  few  millimetros  into 
the  arteritis ;  further  than  this  it  never  flows,  and  tho  ear  ts 
therefore  hopelessly  doomed  to  necrosis.* 

You  see,  the  pbeuouena  called  forth  iu  vascular  parts  by 
the  meet  heterogeneoas  agencies  constitute  a  perfectly  regular, 
constantly  recurring  series ;  and  they  will  repay  tbe  irooblo 
of  a  inioute  analysis^  and  of  referring  them  to  the  conditions 
un  which  they  depend.  Alt  the  ageucius  were  certainly  ofi 
such  a  kind,  that  the  capacity  of  more  or  leaa  poworfnlly 
affecting  tho  vessel  walla  must  bo  uukesitatingly  ascribed  to 
them  ;  and  indeed  it  was  this  very  cousideration  which  kd 
us  to  iDstitote  tbe  experiments  in  qneation.  But  you  may 
fnirly  ask — is  it  tken  at  all  possible  to  explain  cko  whole  of 
the  events  dosoribed  on  tke  assumption  of  suok  an  altention  oi 
the  vessel  walls,  n  molecular  c/ian^aas  we  formerly  called  it? 
Let  ns  at  least  make  the  attempt. 

To  commence  with  the  dihlatiim — this  pruwnia  bo  difB- 

cnlty  whatever  to  thn  nnf''— ^ — 1' i" —  '  ■  — '■  ■'  the 

*  OohaluuB. '  Kfioe  Uattnui .        .  ;j. 
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octire  k^iteriemiA  following  direct  vtolenca  to  Ibo  walls  oi 
iho  arteries.  Tou  knotr  of  course  that  all  possible  iiijurir)iis 
inflaences  affcotiag  the  arteries  are  respoaded  to  by  a  rolax- 
ation  of  the  circular  muscnlu'  coat ;  and  you  will  tliereforo 
regard  it  as  very  natural  both  thut  sliglit  dogreoa  of  tbo 
difiereot  agencies,  0.  g.  ischa)mia  of  short  duratioa  aud  mode- 
rate rise  of  temperature,  should  briag  ooagestton  alone  in 
their  train,  and  alflo  that,  as  the  result  of  nioro  potent  noxee, 
dilatation  of  tho  artcrica  and  consccutivo  activo  coDgestion 
are  the  BrsL  changes  to  set  in.  In  cases  of  tho  latter  class, 
however,  the  action  is  not  limited  to  atony  and  congestion. 
Iiwtead  of  a  gradual  restoration  of  tho  injured  arterial 
wall,  and  a  re-oatablishmont  of  tho  normal  circulation  with 
retam  of  tho  vessel  to  its  normal  calibre,  the  dilatation  of 
the  vessels  bore  even  increases  for  a  time ;  nevf-rthelets  the 
hlood-atream  is  contidfrahly  retarded  at  compared  vntk  the 
normal  ftandard.  This  would  be  inoonceivable  in  a  hyper- 
nmia  due  Co  local  dccrt^nse  of  resistance,  so  long  at  least  as 
the  arterial  blood-pressure  continued  unchanged ;  but  it  be- 
cocDe«,  in  my  opinion,  perfectly  intelligible  if  the  hurtful 
agency  has  produced  an  actual  internal  change  m  the  vetgfl 
wiil.  We  see,  in  tho  first  place,  why  the  dilatation  does 
not  abnte,  and  in  the  second,  why  the  velocity  of  the  stream 
^^jmiuishes.  For  since  the  motive  forces  and  the  blood  itself 
^^bve  undergone  no  kind  of  alteration,  the  localised  retarda- 
^^■mi  of  the  flow  must  depend  on  local  resistauces.  The  lumen 
^R  the  Teasels,  however,  nowhere  prosenta  such ;  on  tho  con- 
trary, the  arteries,  capillaries,  and  veins  are  all  of  thorn  in 
avery  part  wide,  and  even  abnormally  dilated.  Thus  there 
roraains,  so  far  as  I  see,  no  otber  course  open  but  to  soek  tho 
outn  o(  the  increased  resistance  in  a  chatige  in  tho  relatioru 
imiieeen  the  blood  and-  the  ve»ift'.l  waiU  as  r^arda  friction  and 
adhttiveneHs.  I  remind  yon  especially  of  the  fact,  on  which 
I  hare  repeatedly  and  emphatically  dwelt,  that  whan  art«riea 
hare  been  deprived  of  blood  for  threo  or  four  days,  or  ox- 
posed  10  a  temperatnre  of  56®  C,  tho  blood  scarcely  pene- 
trates along  them,  although  the  lumen  is  empty,  and  there 
is  ah^olniely  no  thrombus  or  other  contents  which  might 
present  an  ob«taclo  to  the  inflow  of  fluid  blood.  The  caao 
of  the  blood  and  blood-vessels  differs  altogether  from  that 
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of  an  india-niliber  tobe  with  a  liqaid  of  any  kind  flowhi^ 
tbroagh  it,     It  b  possible  that  rho  inner  Bitrfaom  of   thv^J 
walU  o£  the  dyiog-  vessels  so  adhere  to  one  another  that  tbA^^ 
blood  is  unable  to  eater  ;  but  however  thiM  may  be,  if   the 
%*essel  wall  can  andergo  eoch  altenttiob  id  congtitafion  aa  to 
render  the  vessel  impervious  to  blood,  it  appears  still  eaeierj 
to  conceive  that  it  may,  under  certain  ci  renin  stances,  dftlaf 
the  Forrrard  motion  of  the  blood  and  retard  the  streain. 

We  have  already  dwelt  on  the  fact  that  witb  the  retarda- 
tion of  the  blood-stream  there  mnst  be  developed  the  gradial 
pavementing  with  colourless  blood-corpn soles,  and  it  is  joat 
as  easy  to  understand  that  an  accnmnlation  of  bloud*corpo^ 
oles  will  Dccar  in  the  capitlariofl.     Jt  may  indeed  be  nid 
unreservedly  that  with  the  increasing  alteration  of  the  capil- 
lary  wall,  i.  e.  with  the  augmentation  of  resistance,  the  qoaiH 
iity  of  blood-coTpnsclcs  in  the  capillaries  mnst  luynimulate 
steadily,  and  the  TOBuIt  must  bo  nctoal  stagnation.     The  eapU- 
hiries  arc  then  densely  packed  with  blood-corpoBolos;  tlia       , 
rod,  whoso  number  so  grohtly  cxc(>cdR  the  white  in  %hm  m^^M 
cnlnttng  hlood,  being  greatly  in  the  majority.      Wo  h»Tohere^^ 
a  condition  closely  approachinp  hIojm,  x.  h.  the  complete  atuid- 
stni  of  the  blood  with  coagnlationf  and  which  may  pasa  intoi 
H,  yet  must  nevertheless  be  kept  absoliitt-Iy  dtslinot.     Tt 
in  BtafTnation  the  contents  of  the  cA)>ilInrifs  are  ae  yet  io' 
variably  finid  blood,  although  ita  forward  motion,  itajfav,n 
rery  much  weakened  ;  in  stasia,  on  the  other  hand,  the  bU 
is,  as  has  been  said,  coagulated.     Stasia,  therefore,  baviagj 
once  set  in,  is  final  and  not  to  bo  done  away  with) 
stagnation  may  at  any  time,  the  momont  its  caasei  cdbM  to' 
operate,  give  way  and  pass  off. 

This  most  bo  borne  in  mind  in  order  to  understand  sabae- 
<]uent  oconrrences.      On  the  pavementing  of  the  reins  aod 
the  accnmulatton  in  f.hn  capillnriea,  there  rapidly  follows,  a« 
wo  saWj  the  exlreraitatioH  o/eorpusmlar  elcm^ntM  from 
larif/i  and  vein*  and  the  tntrrpanr.d  trniiftudailm.      Ta  it  pOMiht 
to  explain  theao  events  also  by  a  molcicular  changn  in  tJia] 
vessel  wall  T     I  venture  ti>  think,  I  helinTo  iodeod,  ii  I 
not  nlterly  deceived,  that  this  hypot'      '      ''         '  " 

possible  explanation,  nnd  is  unatteml' 
For  B8  ragorda  the  traiiBudationt  an 
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rKlls  is  eqnivaleQt  to  a  chaitge  in  the  JilUr,  aud  that  ihis 
V'auuot  fao  iadiffomot  for  tho  fillr»to  uocda  no  proof.  A 
quancitativo  und  quulilacivo  cliango  may,  or  rather  toust.  be 
undorgono  by  the  transudatiuu  when  tlie  poroueuBSB  of  the 
vt>8SoI  nails  is  altorod.  Tlmt  (ho  ainoutit  of  tratiHudatioii  is 
jtaally  cousideraLly  auguieiiUid  is  most  tftrikingly  tutight  by 
!io  cumefactioQ  of  tho  ear  or  tongue.  How  far  the  cbemical 
}mpo8itianof  Ihe  trnu&udod  liquid  m  chsngod  wu  shall  have 
djsciias  presently ;  yt>t  for  yuu  (he  demonstratioa  of  such 
alteration  is  superfluouti,  since  theiunnmerable  maltitudcs 
loarlessaud  red  blood-corptiKoles  mingled  with  thotron- 
HoD  abundantly  testify  to  a  complete  change  of  constd- 
ifcion.  Only  to  one  point  shall  I^  with  your  permiasion, 
\y  refer,  namely,  how  well  the  view  of  the  dependence 
tlie  alteratiou  in  tho  transudation  on  a  chsngc  iu  the  filter 
barmonises  with  tho  facts  that  however  intense  tho  corrosive 
ttioD,  however  long  the  exclusion  of  blood  or  tlio  exposure 
-in  short,  however  powerful  the  deleterious  influences,  not  a 
itinffU'  cohurlwf  (ft  red  corpuAcle  evtr  exiTavasatca  from  the 
rferiet,  which,  as  you  know,  do  not  nonnally  maintain  any 
itorohango  of  fluid  material  with  their  vicinity. 
So  far  as  1  can  see,  we  have  now  shown  it  to  be  posvUtU 
to  refer  all  the  events,  so  frequently  described,  to  a  molecular 
change  in  Iho  vessel  walls.  Whether  they  mugt  be  referred 
this  cause  is  another  question.  Perhaps  tho  vessels  play 
rabordinate  part ;  possibly  other  factors  co-opomte  with 
'them.  That  this  objection  may  bo  raised,  1  am  far  from 
disputing ;  for  the  vessels  are  never  alone  affected  by  tho 
agencncs  we  make  nso  of }  many  other  neighbouring  struc- 
ires  are  also  implicated.  Nevertheless  1  believe  I  tsan  prove 
Inctly  that  ii  is  only  and  solely  the  vessel  trail  whicli  is  r«. 
tpon»ilh  for  the  entire  xeriea  of  ereriis.  Kor  if  wo  ask  our- 
svlves  what  are  the  Ktructnroa  liable  to  bo  acted  on  by  Uie 
agencies  employed,  we  shall  have  (o  take  into  consideration 
I,  the  circulating  blood;  2,  tho  vaso-motor  nerves;  3,  thesur- 
sue  ;  4,  the  vessel  walls.  That  in  our  experi* 
out  doaliug  with  an  action  on  the  hlood  is  evi- 
dent A  jtHorii  for  it  is  coutiDuallr  in  (notion  and  can  never 
'i-r—  —•■nicntarily  exposed  to  the  local  action;  so 
,  developing  but  slowly  as  they  do,  cannot 
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possibly  be  referred  to  the  blood.      Moreover,  this  aasttiDj 
tion  IB  posilively  excluded  by  a  modiBcation  of  an  exporiiocnt  J 
already  describi'il  when  dealing  with  congestions,      if  you) 
tightly  apply  a  ligature  to  the  root  of  a  rabbit's  emv,  From  tl» 
vessels  of  which  nil  the  blood  has  heeo  preTiously  remoTMJ 
by  the  iojectioo  n[  a  solution  of  common  salt,  and  allow  thai 
ligature  to  remain  in  position  for  from  twenty-fonr  to  forty- 
eight  hours  ;  or  if  yon  plange  the  amemicear  into  hot 
or  a  froozing  mixtnre  ;  the  entire  velI*)niown  series  of  pbeiio> 
mena,  from  congestion  to  tumefaction  and  extravasation,  tab* 
seqacntir  sets  in,  aa  soon  as  the  blood  is  allow^  to  re-ontij 
the  vessels  oE  the  ear.     This  occors  jast  as  it  did  in  the  otl 
ear,  although  this  time  the  TesBels  contained  no  blood  or 
which  the  extreme  temperatoro,  &c.,  might  hare  acted.     Tb*' 
vaso-mofor  Mrres  may  with  equal  certainty  be  excloded.     Th» 
fact  that  the  vessels  are  wont,  under  tbe  inBaeoco  of  tb* 
agents  employed  by  us,  to  dilate  very  much  more  Ihon  is  ererj 
the  case  in  paralysis  of  the  rasO'CODKtrictors  or  etimalattot 
■of  tbe  vBso-dilatont  appears  to  me  to  make  against  their  parti-- 
«ipBtioo.     Thus  the  dilatation  and  injectioa  of  the  rabbit*! 
ear,  following  division  of  the  corresponding  sympathetic,  in-! 
«reaso  considerably  on  painting  it  with  croton-oil,  or  on  iatro- 
duciDg  it  into  hot  water.     Moreover,  all  the  cfTfctH  that  hivvaj 
been  described  Bet  in  in  precisely  the  same  way,  and   witU 
equal  promptitade,  in  parts  deprived  of  all  conupotton  wi 
the  central  nervous  sygtom.      Not  only  nmy  thn  i-ervical  syiD-l 
pathetic  be  divided  in  the  rabbit,  but  the  rntim  oar,  with  kh( 
exception  of  the  a.  and  v.  modiana,  may  be  isolated  from  tt 
remainder  of  the  body  by  firmly  ligaturing  it  at  if 
for  all  that  reddening  and  swelling  take  place  j  ; 
they  do  after  corrosion  or  scalding.     But  the  chief  ob^«tioil 
to  the  theory  of  a  nervous  influence  is  the  evtdeoi  tm^inet*^ 
with  which  the  occurrences  under  discussion  ar*  d«T«1c 
nnder  the  action  of  some  of  the  agents  employed  by  na.     If  J 
after  the  application  of  a  corrosive,  or  after  painting  wit! 
crotou-oil,  hoars  must  firat  pass  before  the  vascular  di]atB< 
tion  even  commences  to  set  in,  anyone  having  only  a  limi 
ncquainlonce  with  nervoQs  phyiinlogy  will  hardly  ^ 
reflex  mecbaniems  are  here  conoemed  ;  aii<j  vtill 
effocti  of  iscbamia,  which  iacroaflBH!' 
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of  liue,  bo  referred  to  norroDB  influences.  Lastly,  we  have 
UDt,  it)  onr  cases,  to  do  with  an  action  or  reaction  o{  the  tiajtuo' 
'Hrroumliny  the  vessels.  For  do  alterations  are  obsorvod  iu 
tho  latter  except  at  most  socb  as  are  of  adeloteriooBoharac- 
ter,  as  for  example,  coa^lation  or  rupture  of  the  muscle 
fibres,  stoppage  of  the  wbipping  motion  in  the  ciliated  epithe- 
liam  oE  the  tongue,  and  the  like ;  and  should  yon  bo  little 
inclined  to  attach  importance  to  such  morphological  proof,  I 
shoold  like  to  ask,  hoir  do  yon  picture  ioyoursolvoa  the  force 
by  moans  of  which  the  tissao^  howerer  changed,  could  bring 
abunt  thcso  events  in  the  vessels  ?  80  far  as  I  know^  only 
uuomaliea  in  the  processes  of  diffusion  oould  possibly  be  attri- 
buted to  this  cause;  since;  honover,  these  concern  gasea  or 
liquids  alone,  the  tranaudatioo  of  the  solid  cnriadtuents  of  the 
blood  vould  remain  altogether  unexplained  by  it.  Wo  are 
therefore  compellod  fter  excltuionetn  to  return  to  the  vetnel 
tenth ;  and  if  you  consider  besides  in  what  a  definire  and 
regular  succeasion  the  effcctn  of  tbo  agencies  increase  in 
severity,  from  the  congestive  hypencmia  on  till  death,  yon 
will  not,  I  hope,  hesitate  to  adopt  the  view  I  bare  propounded 
as  your  owu.  According  to  this  view  we  have  here  to  dual 
viUi  a  ■moUcuUxr  change  0/  the  rec«cj  traits,  whose  highest 
dagnw  involves  the  death  of  the  latter,  but  whose  slighter 
degress,  on  the  other  hand,  call  forth  a  certain  typical  series 
of  abnormal  events  iu  connection  with  the  motion  of  the  blood 
and  the  transudation.  The  sum  total  of  these  events,  tc^e- 
thvr  with  their  oonsetiueuoes,  have  been  for  ages  comprised 
under  the  notion  and  name  of  injtammation. 

On  calling  to  mind  the  signs  which  make  their  appearance 
in  a  part  of  the  body,  in  which  the  circulation  and  transuda- 
tion has  undergone  the  disturbances  so  often  described,  wo 
fiml  i-hey  are  as  follows.  Such  a  part  will  be  (t)  rcditenedf 
owing  to  the  overloading  of  all  itH  vessels  ;  this  condition  being 
complicated  in  severe  forms  with  small,  but  numerous,  luemor- 
rhngps.  It  will  be  (2)  sieollen,  becaoso  of  the  increased  vas- 
cular fulneas.  bat  especially  because  of  the  great  increase  of 
tnuiBDdatioD.  (3}  It  will  be  painjul,  owing  to  the  prtaanre 
on,  and  dragging  of,  the  nerves  of  sensation  by  the  overfilled 
»U  and  bbuudaut  transudation.  {4)  It  will,  if  sitnated 
rfiotally,  be  wanuer  to  the  touch,  because  a  more  than 
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normal  amount  of  heat  is  supplied  to  it  froni  wittiin  hy  ibv 
increased  [^apply  or  blood.  linHlly,  (5}  its  ftmctinn  will  he  lU- 
rangtd,  both  by  reason  of  the  prcsstire  to  which  thr  termitin- 
iioos  of  the  motor  and  i^ecretory  nerves  are  sabjeci  from  tbo 
transodation,  and  the  so  essentially  altered  blond-circniation, 
in  partic-olar  the  retnrdalion  of  tbi^  capillary  t^treain.  Now 
these  five  symptoms  are  nothing  more  or  less  than  Ihn  ronii- 
ntd  fymptomg  of  acute  injiammatioii ,  of  which  the  GrRt  fonr — 
the  tifth,  the  funftio  Itr-sa,  is  in  reality  le.ss  a  symptom  than 
a  resulting  condition — had  been  already  established  by  Celsns; 
and|  despite  the  Advance  made  in  our  kuowleilgo  of  the  pnv 
oesses,  still  serve  beet  to  characterise  tho  cundiiinn  of  an  in- 
flamed part.  We  say  that  a  finger  or  a  foot,  nn  earorakooe, 
is  acntely  inflamed  when  it  is  ret!,  «U'of/at>  kol,  and  pttinfiiL 
This  notion  of  iDflammation  has  been  for  age*  held  by  the 
leily ;  and  pathology  cannot^  as  I  havo  jost  aaid,  better  de- 
scribe scute  inflammation  than  by  these  symptoms.  Nc«'er- 
theless  it  will  be  admnt-ngeouH  to  discuss  tliem  i^cmewhat  naom 
carofally.  Only  after  a  detailed  analysis  of  the  cocdiiioDsnf 
their  origin  can  we  eotimai*  their  whole  import,  tinderstrtml 
their  mod  iti  cut  ions,  nud  Ifarn  to  comprehend  how  it  i!  that 
they  may  possibly  be  absent  in  inflammation. 

First,  tbe  rednaiH,  ruifor — 1  need  hardly  repeat  limi  titi» 
depends  on  the  abnormal  fnlness  of  the  vegsels  of  nn  inflamed 
pBVi.  We  have  in  the  larger  vessels,  the  veins  and  arteries^ 
to  deb],  as  we  have  seen,  with  a  dilntarion  of  their  lomen  which 
is  often  very  cousidemble;  in  tlio  capilliu-ii's,  on  thcrthi-r  hand, 
we  have  to  do,  not  so  much  with  a  dilatation,  aa  with  a  great 
aocnmnlation  of  the  coloured  constitncnis  of  the  blood,  tha 
red  blood-coTpnscies.  The  intensity  of  the  rednesB  is  eri- 
denily,  rafferiV  poriMui,  directly  proportional  lo  the  degree  uf 
dilatation  and  overloading  with   blond.     In   |  -   u 

absolutely  imroatcrial  in  this  respect  whether  til  im 

throngh  the  hyporiemio  vascular  area  is  aocolomted  or  u  re- 
tarded ;  inasmuch  ns  thocolourfttion  is  at  all  times 
tormined  by  ihe  uuiounl  of  blood  monjL>nt»rily  pn 
Teasels.     If  the  iiiflnrnmatory  h^-penemia  affoeUkiNirfc  «rhoM 
individnnt  rcesels  uw  risible  to  tho  ;    '  ,  "  , 
on  tnjeriian  ;  aa  in  the  mesentery,  ser 
testinee,  uoujunotivar;  where  this  u  not  the  cbmj  m  v. 
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tlie  wkin,  tho  redness  is  termed  liijiue.  Tbd  character  oC  the 
niddeuiag  Miraya  incliDes  to  be  somewhat  dark^  to  hare  a 
c^aDutic  tiDge  ;  becausoj  for  oae  things  tho  dilated  roios  pro- 
doiuiuat«,  but  chiefiy  becaiue,  owiug  to  the  slowaeaa  of  the 
capillary  stream,  the  blood  is  moro  ooraplotety  deprirod  of 
oxygen  than  is  normally  the  case.  Yet  two  factors  iuflucnc- 
ing  the  degree  of  rubor  come  up  for  cooaideration,  one  tn- 
-cmsiug  the  other  decreasing  it.  Uxvu/rrhage  is  the  first. 
The  more  numerous  the  UoimorrhagcSj  and  the  larger  the 
number  of  oxtm-rasatcd  red  blood-corpuscles,  the  more  deeply 
rod  will  the  iutlamfd  part  appear.  The  trantrudalivn  must 
-act  in  exactly  Lho  contrary  direction ;  it  dimtuiabea  the  inten- 
■ity  d£  tho  reduoBSj  because  by  it«t  increase  the  rubor  is  masked 
and  rooderod  indistinct,  Hence  the  reducss  will,  as  a  rule, 
be  more  conKpiciioiitt  at  the  commoncemeDt  than  in  the  later 
■atagea  of  inflammation,  when  the  voluminons  transudation  and 
the  multitadc  of  colourless  cells  will  have  imparted  a  grey  or 
at  Icaxt  greyish  red  tint  to  the  organ.  This  distinction  is  the 
■moro  comprehenstble  as  the  red  cnrpnsclea  preponderate  in 
tho  neighbourhood  of  the  vessels,  where  tliey  are  permanently 
located  ;  while  the  colourless  ceUa,  on  the  other  hund,  ttpread 
theamelTCs  throughont  the  meshes  of  tho  entire  tiiisue  or  reach 
ita  free  surface.  Accordingly  iu  an  abscess  the  deepest  red- 
dening is  not  found  in  tho  middle,  but  precisely  whore  the 
poa  has  not  accumulated,  i.  e,  at  the  periphery — an  actual  red 
zone  surrounds  the  abscess.  The  redness,  it  is  obvious,  can 
occur  only  in  the  vicinity  of  the  vessels  supplying'  the  part ; 
in  keratitis,  therufore,  tbo  rubor  is  not  to  be  sought  in  the 
•oomoa  itself,  but  in  ita  neighbourhood,  i.  e.  in  the  wreath  of 
oonjanctival  vessels ;  and  in  arthritia,  not  in  the  articular 
cartilage,  but  in  the  synovial  membrane.  1  shall  only  say  in 
-cooolubion  that  rodnosa  of  an  external  part,  oven  when  intense, 
may  after  death  completely  disappear,  so  that  a  scarlatinal 
nab>  or  oven  an  erysipelas  or  conjunctivitis,  often  leaves 
'  '  no  trace  pvH  mortem  of  its  presence,  or  merely  tho 
I  iliftgea  which  may  have  chanced  to  occur, 

Socoud,  tho  iiwdling,  tumor— ^ne  of  its  two  components, 
lho  abnormal  fulucss  of  the  vchhoI-h,  requires  no  further  eluci- 
Jftkion;  tbo  other  tiictor,  tlie  trartrwiatioit,  mnst  uow  be  dis- 
enaaed.     Iu  qut  experiments  on  tho  mesentery  and  tongue, 


wit  wont,  for  reasons  easily  understood,  unable  t«  do  more 
Chnn   foUow   directly  the   extraraaation   of  tbo  corpascnlar 
ptvnx-itis:  the  liquid  transni^Ation  neceMtanly  eludr^  obier-- 
r»lit>n.      Yet   we  inferred   the   occurrence  of   an    tncrenwd 
transuiUtiou  from  the  tumefaction  of  the  toognn  which  derp- 
U>pod  l*ari  patMi  with   the  emigration  of  blood-corpaacle*.] 
Kut  is  Buoh  a  conc]nejon  jnstifiable  ?      Is  it  not  conoeirabla 
Ihnt  the  liqnid  may  transude  in  normal  qnantity  from  thb 
rwtois,  and  that  the  tongue  or  ear  swoUr  only  because^ 
owiuiJT  perhaps  to  a  disturbance  of  the  lymph -stream — Iboi 
transudation  is  not  earned  oS  so  rapidly  and  completely  as 
under   normal  circamstaoces  ?      A   sitijple   erperiweut    wiH 
decide ;  we  need  only  examine  the  flow  of  lymph   from  on 
inflamed  part.      After  rubbing  in  croton-oil  into  the  hind  I 
paw  of  a  dog,  or  injecting  a  half  or  a  whole  cubic  centimetro ' 
oE  an  emulsiou  of  turpentine  under  the  skin  of  the  paw  (tts 
proper  distribution  throughout  the  tissues  of  the  port  being 
secured  by  friction  and  pressure),  the  paw  swella  eoormously 
by  the  following  day,  it  becomes  hot,  the  skin  between  the 
toea  is  intensely  reddened  and  spotted  with  hiumorrfaage«t 
and  the  dog  guards  against  putting  the  limb  to  the  ground. 
On  now  exposing  the  lymphatics  on  the  outer  side  of  tbe  leg»j 
yon  frill  be  snrprTBed   by  their  width  and  distension,  and,  a 
cannula  being  inserted  into  the  peripheral  end  of  ono  of  the 
lymphatics,  drop  after  drop  of  lymph  flows  away  without  any 
nibbing  or  pressure  whatever.     There  can  he  no  donbt  that 
the  lymph-str«am  is  very  considerably  increased,  that  it  has 
ncqnirod  a  volume  many  times  greater  than  norma). 
even  this  exporiment  is  open  to  objection,  sinco  it  is  nol  ili*| 
conceivable  that   the  circnrndtances  regulating  the  flow  ofl 
lymph  hare  been  emsentially  altered  since  the  oil  waa  applied, 
and  mor^  especially  since  the  full  development  of  tbe  rwe)* 
ling.      Uut  there  is  uot  the  least  dilSculty  in  demooatrating 
that  the  tlow  is  augmented  ou  from  the  very  QommeDcommitj 
of  the  inflammation.     To  accomplish  our  pu^pv^^     '  ' 

nocesaory  lo  aelect  some  exciter  of  inflammation, 
dunly  and   from  the  first  affects  the  veiutels,  tiulead  of  la- 
lliiencingthcni  gradually.     ScnM^  :'  '     ■  '     ' 

and  Iha  ux|tenmei)t  when  thus  >    . 
strikuig  in  its  rcsolla.     Yon  introdnco  a  cannula  inlo  one  ot| 
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le  lympbatics  of  tlie  leg  oE  a  strong  aud  wcll-nourislieil  dog, 
and  coDTioco  yourselvos  that,  as  asaal,  only  lainimal  quanti- 
tiea  of  IvmpU  can  be  obtained  from  tlio  heiilLliy  foot.  You 
DOW  oiiuirclo  tlio  auklo-joint  beueaib  the  cannula  nith  au 

smarcb's  india-rubber  tul>e,  and  plunge  the  foot  for  several 

itnnt«8  into  water  at  about  54"^  C.  till   the  hairs  bogin  to 
,Jooiieu  so  as  to  bo  romovable  hy  a  gentle  puli.     Now  take  the 

tot  out  of  tbe  Tvaier,  dry  it,  remove  the  tubing,  and  imme- 
liatoly  tbe  lymph  begins  to  drop  most  beautifully  from  the 
cannula.  Only  very  gradually,  during  the  continuous  and 
eqnablu  flovr  of  the  lymph,  does  the  inflammatory  tumour 
develop  in  the  course  of  about  an  boar.  Thus  it  may  be 
regarded  as  established  that  in  inflammation,  as  in  venons 

rperremia,  a  considerable  increase  takes  place  in  the  trausQ- 

ktion  from  the  blood-vessols,  leading  first  to  an  increase  in 
tbo  lymph-stream,  and   only  when   the  lymphatics  are  no 

>nger  adequate  to  carry  off  the  transudation,  to  a  swelling 

the  affected  part.* 

Tnic,  they  cannot  be  the  aatae  oanses  that  produce  in  in* 

tfammatioQ  the  increased  trausndalion.    In  tcqods  hyperajmia 

it  vras,  as  you  remember,  tbo  disproporlion  between  afflux 

^nd  L-Qlux,  or,  in  utber  words,  tbe  rise  of  pressure  iu  tbe 

ipillariea  due  to  the  venous  resistance,  which  caused  more 
^utd  to  pass  through  tbe  capillary  walls.  Beyond  question 
such  a  disproportion  or  such  an  increase  of  pressure  docs 
not  exist  in  the  vessels  of  an  inflamed  organ.  The  veins  are 
as  wtdu  and  pervious  as  normal,  and  so  little  is  the  blood* 
stream  through  them  impeded  that,  as  you  will  soon  learn, 
the  rule  ia  tor  a  larger  amount  of   blood  to  bo  conveyed 

irongh  the  vciua  of  an  inflamed  part  than  under  normal 
inmstaaces.  Nor  does  the  microscope  show  in  the  veins 
of  tbe  oxpoecd  mesentery  or  inflamed  tongue  any  trace  of 
that  crowding  and  stagnation  of  tbe  blood  •corpuscles  which 
is  >o  obaracteristtc  of  venous  hypenemia.  Bnt  when,  in  spite 
of  tbe  absence  of  all  abnormal  resistance  on  the  venous  side, 
tbe  blood-stream  is  retarded  in  the  arteries  and  capillaries, 
more  ^specially  the  latter,  thi?  can  obviously  be  conditioned 

iy  by  rexiatancta  which  have  been  inttrpolaUd  either  locatUj 
or  hthind,  ihi-  peripheral  arUrlcs,  and  which  liave  con- 
*  O.  Iahut,  '  Virch.  A.,'  Uis,  p.  516. 


pvt  of  tlie  motive  force  by  which  the  hlood  arrivPA  la 
TOSHtls.     Since,  however,  not  only  the  velocity,  but  ol 
the  pressure  of  tho  blood  must  be  dimiDifllied  in 
of  a  resistance,  it  directly  follows,  not  nurrely  that  ikt 
ture  is  not  raited,  hut  thai  it  \»  fitxn  hteered  ttehf 
tal  »Umdard  iu  th-  arterien,  and  etquxially  tfut  iapil- 
9*n*s,  nf  an  iii^amed  part. 

Sinctr  wc  can  thiu  exctudu  a  rise  of  capillary  prusauni  oi 
the  possible  cause  ot  the  iuoroofied  inuifiudutiuu,  tho  uuW  ru- 
ttiainiiig'  factor,  bo  far  as  I  see,  is  that  to  which  the  abnortiMil 
re«i«taDCO  in  the  arteries  and  capillaries  rauat  be  attriholvd* 
uauiely,  the  altured  coustitution  of  the  vessel  wall.  The 
jmrmeairilUy  uf  the  vesstil  wall  is  iucreuaed  during',  aud  owing 
to,  tho  inflammation,  aud  it  is  lor  this  reason  that  more  Uquid 
transudes  thruugh  it,  notwithstaudimj  the  /all  in  eapiHaty 
pr099ure.  Bat  a  change  in  the  filter — we  wuro  already  able 
to  state — leads  ns  to  expect,  not  only  a  (juaniilaiite,,  bui  nlao 
a  qualilatSre,  change  in  the  filtrate,  su  that  an  exauiiuation 
of  the  inflammatory  traoBodation  from  this  point  uf  view 
affords  a  sort  of  lest  of  the  correctness  of  the  cntiru  theory. 
To  thia  end  the  tluid  accounlat^d  iu  the  scrona  cariucfl  in 
inflammations  of  the  various  membranes,  or  s|,ill  boiler,  iho 
lymph  flowing  directly  from  an  inflamed  organ,  may  bu  vm« 
ployed.  Chemical  anaU-ses  of  tho  variomi  exiid»tiv>iiA  baro 
long  been  extant  in  considerable  numbers  in  our  littu-aiure.* 
Lympb  from  the  inflamed  paw  of  the  dog  wai  oxnn  *  '  l.y 
LaBsar  in  my   Isboratory  iu   Bmhui.t     Xhe  re^i  -e 

shown  in  all  fluids  a  sorpriiiiug  degree  uf  simihuit)'.  AU 
these  inflammatory  transudatiuus  are  very  eonc^t'f  '  a 
solid  residue  of  b  and  7  per  oeuL  has  ropeaUNlly  Li  A 

iu  tho  inflontmatary  cxudatJoiu  of  bum,  and  Laasar  was  aUl« 
lo  show  that  on  an  average  6} — &  per  cent,  or  even  mora 
solid  ronstitueuts  Ja  prcaont  in  tho  lymph  from  tho  iuflanod 
paw  of  a  dug.  Tito  salts  do  not  ooothboie  tu  this  Btn>»|titr 
*  LMbttui  ittlog.  CbctPM,' ii.  p,  ^74 ;  Wsdamuth,  *  V :  ^  .1, 

^.i]ot  11'  '  iUii.. u, p.  J4S i  'ikutMk  Kiiniv;  i> 

'  UmLh^wdi.   L  ^-vti.'  jk  4W ;  C.  Schmidt. 

lima.  riu)«t«.'  ,  ..ttw.*r>.  A.  f.  kUa.  aiiv:  V. 

llofiMnii.'VhvtL  A.,'  Izxriii.  p.  ags  (cuotaba  futtlwrivfeniiKn  to  c 
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concentration,  for,  as  all  inrestigators  withont  exception 
ftUttf,  they  are  contained  in  pretty  much  the  aauto  relative 
qomattties  in  the  inilaniniatory  transudatiQQ  and  in  normnl 
lymph.  CoDieqaently  the  greater  concentration  is  altogether 
owing  to  the  (W6iime?i,  and  thua  there  is  in  this  respect  a  direct 
contratit  between  the  trail auda lions  of  mechanical  hypericmia 
and  of  inflnnimation;  the  former  is  tiejicient  in  albumen,  the 
Utter  rich  in  aHmmtn,  while  the  normal  lymph  occupies  an 
intermediate  position.  There  is  still  another  vory  striking 
point  of  difference  between  the  lymph  of  mechanical  hyper- 
a^mia  and  uf  iDflammation^  a  diffcronce  in  their  capacity  and 
tendency  to  coai/ulate.  Whilo  the  former  is  lato  in  coagnlating 
and  the  flakes  of  fibrin  are  few  and  delicate  j  the  iudamma- 
(ory  lymph  may  bo  with  difficulty  obtainable,  owing  to  the 
fact  that  very  often  clotting  occurs  within  the  short  cannula  : 
in  the  glosfi  receptacle  tho  inflammatory  lymph  regularly 
btiffena  in  a  Hhort  time  to  a  firm  jelly.  Tho  factor  on  which 
Ihia  marked  coagulability  depends  has  probably  already  oc- 
cnrrcd  to  yoa  ;  tt  in  without  doubt  the  richness  of  the  inflam- 
matory traosadatioD  it^  colanrUstM  btood-ewrpvtcint. 

It  wns  naturally  impossible  that  the  presence  of  corpus- 
cular oleuieots  in  mflsntmatory  transudations  should  escape 
the  observation  uf  pathologists  since  the  time  when  the  micro- 
scope begau  to  bo  applied  to  their  examination;  and  it  is 
aUo  quite  compreheuaible  that  the  observers'  interest  ehould 
har*  been  centered  chiefly  on  the  colourless  corpuficles«  if 
for  oo  uihtT  retksou  because  ihey  as  a.  rule  preponderate  so 
ttxtroordiuarily  over  the  red,  hut  moro  espociiitly  because  it 
waa  believed  that  the  latter  could  be  referred  quito  simply 
to  anrnU  capillary  ruptures.  During  tho  last  few  years  several 
theorisa  have  been  suggested  with  the  view  of  explaining  tho 
(uaoner  in  which  the  coloarleas  cells,  which  received  the  namo 
ol  eauAntimi-  or  jms-eorptiselM,  enter  the  inflammatory  effu- 
skmj  bnlwtth  a  minuto  exposition  of  these  you  will  be  glad 
to  dispense,  now  that  we  have  succeeded  in  directly  observ- 
ing tho  passage  of  the  colonrlesa  corpuscles  from  the  interior 
of  the  vessels  into  the  tissue  of  the  vicinity.  Wo  now  know, 
not  merely  that  the  pas-corpuscles  perfectly  agree  in  form 
ofid  I '  '  :'s  with  the  colourless  blood 'Corpuscles — a  point 
to  «rl  liow  had  long  ago  more  than  ouoo  emphatically 
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directed  atlentioii — bat  ikat  they  are  uothtng  mart  or  Ic 
than  eirtravasated  white  eorpuxeten.     The  odI;  qaestioD  wliic 
can  bo  raised  at  presenl  is  whether  all  tbo  pus-corpu«cleft  ii 
an  inUamniator}'  Bwolling  are  in  reality  oinigrated  blood-oel 
I  shall  have  sobseqneDtly  to  dtscuBS  more  tboroughlj  tbj 
much  ciintcstod  point,  so  that  I   may  here  couiiDo  mrseU 
declaring  that,  bo  far  as  X  can  jadge,  no  other  mode  of  on| 
for  tho  puR-corpQBclcH  has  so  far  been   demunstraled    will 
certainty,  or  that  at  most  thf^  moltiplication  of  pas-colU  bj 
diTision  has  boon  rendered  probable.     If,  however^  anyot 
Bhonld  raigc  the  questionj  ns  making  against  this  idea — ht 
then  is  it  poasiblo  that  tho  enormons  qaantittea  of  pas-ooi 
pusclcs  which,  in  an  acute  phlegmoTi,  a  peritonitis^  or  a  gnuii 
lating  wound,*  are  often   produced  in  a  single  d»y,  or  nn~ 
even  shorter  space,  could  all  a(  them  be  derived  from  thb  cir> 
calaling  blood — much  might  be  offered  in  reply.     In  tho  first 
place,  pleave  do  not  underestimate  the  number  of  the  oolocti 
lesa  corpuscles  circulating  in  the  blood.     ^Vhuover  has  oft 
observed  through  the  microscope  ibu  cirualatiou  of  a  Uvii 
animal  certainly  cannot  have  failed  to  receive  the  impi 
that,  in  the  capillaries  and  small  reins,  tho  quantity  of  coloai 
lesa  corpuscles  is  really  considerable,  and  that  tho  praportiou 
of   I   colourless  to  about  300  rod  corpuscles,  as  commonly 
stated,  is  absolutely  inapplicable  to  the  email  vessels.      Mia< 
moreover,  it  has  been  shown  by  Alex.  Schmidt-^  that,  at  tl 
moment  of  letting  blood  from  a  vein,  n  number  of  colourli 
blood-corpuscles  fall  to  pieces  and  disappear,  the  dotermii 
tioo  of  the  relative  or  absolute  number  of  whitv  blood'Coi 
pnBcles  in  a  drop  of  blood  is  of  no  value  whatever.     Bi 
altogether  apart  from  this,  ib  soeros  to  mo  that  tbo  onormi> 
prodnction  of  pnB.corpnsole5  will  bo  decidedly  oaaierof  c<: 
prehension  if  wo  be  permitted  to  regard  the  whole  01 
OS  concerned  in  it,  and  not  merely  that  portion  in  whic} 
ioBammation  baa  been  tastablished.      No  one  xurely  will  «i 
pose  that  all  tho  ptu-corpusoleB  produced   in  the  coursa^ 
phlegmonous  inflammation  were  already  preiiont  in  tbo 
at  the  commencement  of  tho  process.     On  llio  coat 
is  Iwyond  doubt  that,  even  ouder  perfectly  normal  ooudittc 

*  Uillrvtli, '  Onl«rt.  a1.1l.  Jolirb..'  IfaL  zviii,  Ucft  4  aod  Q. 
t  A.  Bcfamidt.  •  rfliig.  A«"  ii,  p.  353. 
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DOW  oolonrloss  corpuscles  ore  being*  constantly  supplied  to 
Ihr?  1)ltin(l  t(i  replace  ihoso  that  bare  been  uae<I  np ;  imtl  in 
inilaminntion  it  would  oniy  bo  a  qnestton  of  an  abnortually 
increased  formation,  and  supply,  of  coloorless  cells.  And, 
in  (act,  mnny  stateDieots  of  recent  date  completely  bariiiunise 
with  this  result.  According  to  these  the  number  of  colour- 
less eorpnscles  in  the  blood  is  considerably  increased  in  in- 
flnmraation,*  Moreover,  the  numerous  older observntioua  of 
phy^ciaos,  who  found  a  large  amount  of  fibrin  in  the  blood 
in  inflammatory  diseases,  a  so-called  hyperinosiM.f  when  inter- 
preted in  the  light  of  our  present  views,  signify  nothinjf  more 
or  less  than  a  considerable  increase  of  colourless  blood-oor- 
pasdes.  As  to  where  and  how  this  mnltipli cation  of  white 
blood-cells  in  inflammation  takes  place,  we  are  unable — owin(^ 
to  the  obvcurity  still  prevailing  as  to  the  entire  Ufo-history 
nff  the  colourless  blood-corpuscles — to  adduce  adequate  and 
certain  data.  Yet  there  is  much  in  fa\*our  of  the  view  that 
the  aamo  organs,  on  which  very  probably  the  formation  of 
lymph -corpuBolea  is  physioloRically  incumbent,  receive  greater 
calla  on  their  activity  in  inflammation.  At  least,  uolbing  ih 
nore  usual  than  for  the  lymphatic  glands  in  the  neigbbnur- 
bood  of  an  inflamed  part  to  be  more  or  less  swollen  ;  and 
even  the  iipleen  is  found,  in  many  of  the  more  extensive  in- 
flammations, in  a  condition  of  pronounced  hyperplasia. 

In  addition  to  the  pus-corpuscles  there  is  constantly  pre- 
sent in  the  inflammatory  tranandntJona — or  as  they  are  briefly 
called,  erttdationii — a  quantity  more  or  leas  large  of  red  blood- 
corpuscles.  That  these  also  reach  the  exudation,  witboat 
any  solution  of  c-ontinuity  or  rnpture  of  vessels,  by  passing 
through  the  nntnjnred  walls  of  the  capillaries  and  smallest 
reins  ^)V  true  dtappAesia,  has  been  dotcrmiucd  by  direct  micro- 
scopic observation.  The  time  occupied  in  the  passage  of  a 
single  red  blowl-corpoacle  through  the  capillary  wall  varies 
extrvuK'ly.  Sometimes  the  transit  is  excessively  slow,  at 
other  (iiues  three  or  four,  or  more,  corpuscles  in  succession 

*  Vircliow,  '  Gvsanttui'Uu  Alibillg.,*  p.  tSa ;  MalaMei, '  AnJ).  il.  Piiyaiol ^ 
l8;4,  p.  32  ;  Ni«U  u.  TarcIiRnoff,  '  Atcli.  A.  Phys..'  1875,  i>.  514. 

t  Amlnl  It.  Garorret.  *  UnterRUchongen  fiber  d,  UsngrnT^haK&tMe  d. 
Fmnrtoffit.  Sk.,  im  Bluto  Iwi  vcrchieJ.  KrankhtiUn/  fiben.  von  Walthvr. 
1843  [  J.  Vogel  in  Virchow'i  ■  H*uiJl>.  d.  »£>cc.  P^ttiologie/  1,  p.  396. 
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^lide  in  a  few  miaatea  tbrough  a  part  wbciv,  imoiiHliktolj 
afterwards,  the  blood -streaoi,  with  its  corpuscles,  flows  be 
IcBsly  by.      Some  of  the  extravosated  red    blood-corpaaol 
remain  isolBtod  on  the  oxtornal  surface  of  the  capillaries,  whiL 
others  bocoine  Bf!:grf>f?at«d  into  little  heaps,  which  am  tbc 
rooo^isable  by  the  naked  eyo  as  punctiform  ha)tiiurrhaffea.' 
Bometimes,  howevorj  they  may,  it  is  evident,  be  aeiaed  and 
borne  away  by  the  stream  of  transudation,  and  hence  it  is 
not  to  be  wondered  at  if  they  are  proscut  iu  the  Uuid  of 
pleuritic  or  pericardial  elTasion.     That  the  rod   blood- 
pnsclcs  constitute,  as  a  rule,  by  far  the  amal1e»t  pari  o£  tl 
corpuscular  elements  in  exudations,  and  are  ror>*  greati j  oiii»J 
numbered  by  the  pus-corpuscles,  ia  simply  cxphuncMl  bj  tbi 
fact  that  the  red  corpnnclea  cxtravasHte  from  tbc  capillorit 
alone,  while  an  abundant  source  of  white  corpusclos  is 
Ecnted  by  the  reins  an  well  as  the  capillaries.      Stilt  the  rt 
blood-corpuscles  in  the  exudation  will  always  be  more  oomeJ 
rons  the  denser  the  network  of  capillnries  in  the  aff«ctodj 
organ,  e.g.ia  an  inflammation  of  the  tun^  as  oompare>d  wit 
one  of  the  anbculaneoDS  fat.     When  deiaJing  with  iho  "  nd-^ 
ness,'*  I  mentioned  that  in  the  earlier  stages  of  iuDommattoa 
their  number  is,  at  least  relatirely,  greater  in   oompanaim 
with  the  colourless  cells ;  in  the  later  stages  the  paa-oor- 
puscles  norer  fail  to  preponderate  immonBely>  as  is  erident 
both  to   the   naked   eye  and  on   microocopio   exouiiaation. 
But   by   further  callinp^  to  mind  that  from  the   capillafiM 
with  almost  slu^ant  contents  red  bluod-corpusctes  nliDOSt 
exolosiTuIy  oxtmvasate,  you  will  be  able  to  directly  estimate 
the  circumstances  in  which  their  numbers  in  th«!   '        '     '-yju 
will  bo  specially  increased.      This  will  be  iho  cn^*  ilie 

capillary  walls  arc  powerfully  afToot-iHl  by  the  agent  ezcitinf(j 
inflammation,  and   in  consequence  the  ciroolatiou  h\ 
vessels  is  exceptionslly  intorforcil  with;  in  other  *■••> 
iwry  tevere  inficmmaliont.     Hera  the   exadation  may  eftrnJ 
oasnme  a  true  htemorrhagir  character. 

No  other  corpuscular  elements  are  found  in  frtmb  inflooi- 
uotory  transudations,  excepting  of  course  occidental  adoux-j 
ture!4,  i')f  which  a  vsriety  may  bo  met  with  according    ' 
locality.    Lot  it  be  clearly  understood — in/nth.    For  w 
soon  come  to  deal  with  the  fate,  of  i\tfi  Dui-curpnaolea  ib.  Uie| 
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*iii3orioTi!i,  when  jtome  time  has  elftpsed  dinoe  tlieir  origin, 
)<I  shall  then  have  to  make  meDtion  of  GlogeV  corpuscles, 
jithetioid  and  giftnt^cells,  &c.,  amoogst  the  products  o£  in- 
iniinatioi].  Not  one  of  thcso  olemeatB  is  present  in  fresh 
Exudations,  (heir  formed  constituents  being  limited,  as  has 
been  «aid,  to  blood-  and  pus-corpasclos.  But  even  these  may, 
in  an  exndation  of  undoafated  ioHammatory  origin,  bo  so  small 
in  quantity  that  the  6uid  is  almost  as  clear  as  water.  Thus 
the  lymph  which  drops  from  tho  cannula  immodistoly  after 
ie  scalding  of  a  dog's  paw  is  uDusaally  poor  iu  cellular 
lenta ;  only  after  a  time  does  their  number  increase,  and 
ly  Cheo  certainly  bo  very  considerable.  I  have  already 
ktod  that  the  rabbit's  ear  swclla,  becomes  cDdematoiis,  on 
'•xpostng  it  to  a  temperature  of  48°  or  —  7°  C,  but  that  an 
ininfrniBoant  nnmber  of  cAloorless  or  of  rod  blood  •corpuscles 
pniw  into  tho  tissue!!.  These  two  cTampIps  clenrly  indicate 
idor  what  circumstances  inflammatory  transudations  will  be 
in  n-lt»,  namely,  first  in  the  early  tta/jM  of  an  inflam* 
nation,  which  yields  later  on  a  very  plentiful  c*lln!ar  exuda* 
>n  ;  and  second,  in  infiammations  of  alight  intt^n*it if,  in  which 
'  alteration  of  the  vessol-nall  is  only  just  sufficient  to- permit 
an  increased  transudation  of  fluid,  but  does  not  allow  of  a 
plentiful  extravasation  of  corpuscular  elements.  For  that  in 
theae  cases  also  the  causes  of  the  augmented  transudation  are 
identical  in  kind,  is  ehowc  moat  clearly  by  the  porfect  agree* 
pent  in  chemical  constitution  of  the  transuded  fluid  and  the 
[udation  rich  inoells.  The  transudation  is  always  eon  ren2rn/r<f 
and  highly  <ilhuminov»,  althongh,  it  is  true,  the  dried  residue 
will  bo  increased  with  the  increase  of  pns -corpuscles. 

But  to  go  a  step  further.  There  is  in  principle  nothing 
against  the  assumption  that  inHaromations  also  exist,  in  which 
the  transudation  altogether  fails  to  bo  increased,  or  ai  least 
does  not  appear  in  the  shape  of  a  tumor  or  tumefaction. 
Kliether  it  is  at  all  possible  for  the  whole  effect  of  an  inflam* 
natorj  agent  to  bo  restricted  solely  to  a  dilatation  of  the 
_yesBelB  and  a  retardation  of  the  blood-stream,  appears  to  me 
>ry  doubtful.  Jf  the  constitution  of  avesael-wall  be  altered 
snch  »n  extent  that  it  opposes  to  the  blood-stream  a  cer- 
tain amount  of  abnormal  resistance  by  increased  friction,  &c., 
its  psnxioabiUty  may  well  have  increased  aluo  ;  at  aoj'  rate 
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experience,  as  Far  aa  is  at  present  known^  givos  as  no  till 
to  separate  the  two  in  iQllatotnation.     Bat  it  can  hardly 
disputed  that  the  increase  of  transudfttion  io  inflamniri 
need  not  iiecessHrily  on  every  occasion  exceed  the  me*Bat 
which  the  lymphatics  are  capahle  of  carrying  off.     The  lympl 
stream  u-ill  tden  be  augtnented  while  tJieinflammalJon  laatx; 
but  tumefaction  or  tumor  of  tho  inflamed  organ   does  ot 
develop.      Inflauimation  of  this  kind  is  probably  not  at  at 
raro  iu  human  pathology  ;  it  seems  probable  euongh,  at  leact 
that  a  whole  series  o£  inflammatory  sicin  nffeclions,  tn  partj' 
cnlar  the  aeufe  exanthemata,  are  to  be  classed   here — tnflain- 
matioDs  in  which  tbe  trifling  amount  of  sirelliug  moat  ntrik- 
ingly  contrasts  witK  the  intense  redness  and  beat. 

^Vliile  accordingly  the  tumor  of  intlauimation  is  not  at 
lately   constant,  tho  mode  of  its  maniff^talum  ut  fxlraortii-] 
narxly  variable.     For  this  depends  essentially  on  the  nxMit 
mical  structure  of  tho  inflamed  part.      So-called  paronchv- 
matous  organs,  as  for  examplo  tbe  musclfs,  testiclea,  Mxer^ 
parotid  and  other  glands,  &c.,  swell,  wben  inllamed,  in  Uieii 
entirety  ;   and   tlie    swoUing  is  exactly  proportional   lo  thi 
amoant  of  the  exndation,  except  when  held  in  check  byaomtj 
«DTeloping  nnyielding  membrane  or  capsule.     Tho  oxndatioi 
ta  here  situated  in  the  meshea  of  the  supporting,  so-calU 
interstitial,  connective  tissuei  because  this  also  carries  U14 
blood-ressels  and  most  reatlily  allows  of  distension  by  iluk 
Accordingly,  when  inflammation  occurs  in  an  organ  made  ui 
exclusi\-ely  of  connectire  tissue  the  exadation  is  lodged  10  U 
mesbes ;  it  infiltrates  them.      So  it  is  in  phlegmonoua  in  flam- 
matiou,  where  the  interstices  of  the  subcutaneous  adipose 
tisane  are  its  seat ;  and  in  meningitis,  where  those  of  (Iw  pi* 
mater  lodge  it.     The  same  thiof;  occurs,  in  the  substance  o( 
the  comes  in  keratitis;  but  in  fresh  cases  of  thisdijease  tl 
thirkeuing  is  as  a  rule  inconsiderable,  owing  to  the  sligbf 
degree  to  which  the  tissue  is  distensible,  while  the  inflll 
tion  shows  itseU  rather  a«  a  cloudiness  :  yet  the  latU 
to  be  attributed  solely  to  the  presence  of  pns-corpiu<: 
IraAMUilation  in  tbo  cornea,  inasmuch  as  the  refractire  pcrwi 
of  thei^D  differs  from  that  of  the  corneal  tissues.     * 
latft,  which  contains  no  distensible  uiL*she&  or  i-ai. 
fluids  or  pus-oorpuBclee  cannot  of  coaru  offcot  an  onl 
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hence  in  articnlar  tnflamnifvliona  the  exudation  is  fonnd  in  the 
cavity  of  the  joint,  but  never  in  tho  cartilages.  If,  on  the 
other  hand,  an  organ  having  a  fi-ee  surface,  or  oue  whose 
vessuU  bottler  on  a  eavit)-,  be  iuflained,  the  products  of  in- 
kinmation,  when  oulBcieutly  accumulated,  wUI  be  exuded  on 
Ito  free  surface  ;  and  here  we  speak  of  an  exndation  in  tho 
vtriot  lense.  This  is  the  ca»u  in  all  the  serons  membranes 
as  well  as  in  the  dura  ntater ;  in  the  choroid^  the  exudation 
trom  which  mingles  with  the  vitreous  humour;  in  the  pcri- 
osteam  aud  perichondrium.  For  though  the  surfaces  of  the 
nombranea  last  mentioned  arc  not,  it  is  trao^  in  an  anato- 
mical sense  free  or  bordering  on  a  cavity,  yet  tho  inflamma- 
tory product  ejittdea  from  their  tissues,  and  is  lodged  between 
the  membrane  and  the  bono  or  cartilage,  becanso  those  situa- 
)nf>  appose  a  loss  obstacle  to  the  accumulation  of  tho  cxudn- 
>n  thau  does  the  very  dense  tissue  of  the  periosteum  itself. 
>r  this  is  the  principle  which  regulates  tho  accumulation — 
produft  of  iitjfammalwn  aecumulateg  wherever  it  fiwht  the 
amount  of  reHistance.  Thus  in  pneumonia  it  must  very 
lickly  reach  the  alveoli  and  Gil  them,  because  it  has  no 
)m  in  the  alveolar  septa ;  and  wo  ought  really  to  speaV  of 
moixic  exvihtiwn,  instead  of  employing  the  term  infil- 
ition,  with  which  in  this  connection  wo  are  long  familiar. 
will  also  bo  clear  from  the  abore  principle  why,  in  places 
lere  tho  passage  of  the  exudation  on  to  a  free  surface  is 
ifoted  bya  very  dense  coveringj  a  t'«nel0orptwhjl«  arises, 
itly,  in  orgauB  commuuioating  freely  with  the  outer  world, 
haviug  an  nuobstructed  outlet,  tho  iuOamuiatory  product 
will  of  necessity  Bow  off  or  mingle  with  the  secretions;  as 
r.t^.  in  all  mv(vusmemhraneti,&nii  in  the  Jtt'rifuyf,  when  during 
tnBammation  the  urine  contains  albumea  and  corpuscles.  Add 
to  ibis  the  variable  composition  of  the  inflammatory  transa- 
ion,  aa  I  have  attempted  to  describe  it  to  you,  and  yon 
11  certainly  acknowledge  that  the  tumor,  though  identical 
in  it«  mode  of  origin,  is,  in  the  manner  o£  its  manifestation, 
one  of  ihe  most  variable  signs  of  inflammation. 

Wo  now  come  to  tho  third  point — the  pain,  dolor.     Since 

jhw,  as  already  pointed  oat,  is  dependent  on  the  dragging 

'  liich  the  sensory  nerves  of  an  inflamed  part 

ugh  the  over-fitted  vessels,  bat  eipecially 
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throagb  tbe  exadatioQ,  tho  degree  nod  seTerity  oC  the  pi 
will  bo  (letermined — (i)  by  tberichne^of  tbopart  in  qai 
in  sensory  nerves  ;  (2)  by  tbo  disteusibility  of  ibo  01 
on  whotbor  or  not  tbo  exudation  wben  ponred  ont  is  il 
snfajectod  to  a  high  proHuro  ;  und  (3)  by  ihe  mnoant  of 
eindation.  In  organs  which  aro  poor  in  sensory  norvos^ 
the  kidneys  and  many  mucons  mombranaei  eren  violent  ii 
flamination&  may  mn  an  almost  painless  coursn,  while  in 
seroas  membranes,  which  are  plentifully  snpplied  with  aen^ 
sory  nerves,  the  inflammatory  dolor  is  nsnally  very  aeverv. 
On  the  oth«r  hand,  ph!egn)onousin6ammatioiifl  are  mottt  {Ail 
ful  wheu  occurring  beneath  fascia  ;  and  you  will  all  hai 
experienced  what  agony  is  occasioned  by  iuflanunations  iimU 
the  fiuger>nail.  Moreover,  tho  pain  freqaently  travula  aU 
the  course  of  tho  sensory  nerves,  and  ia  radiated  tu  othoi^ 
branches.  Tho  character  of  tho  pain  may  differ  greatly  ;  very 
commonly— espooially  in  strongly  disttiuded  parts — it  is  mark- 
edly tkrobhw^f  synchronously  with  the  putHe,  because  every 
pulse-wave  necessarily  iooreases  the  pressure  on  tbo  norwmu 
The  fourth  symptom — the  Iteal,  r.alor — demands  unaccaratv 
examination.  Tho  dogreo  of  heat,  which,  in  warm-bhxMled 
animals  with  a  naturally  high  temperature,  is  presented  Ig 
a  port  to  tho  investigator,  is  the  product  solely  of  the  ituppt 
and  the  loss  of  heat — in  such  parts  at  least  where  calt 
not  itself  produced.  The  medium  by  which  beat  is  au] 
to  &  part  is,  as  yon  know,  the  blood.  Now  the  priodpat 
heat-producing  foci — the  heart,  liver,  and  other  glands,  and 
the  targe  masses  of  muscle — are  deeply  siluated,  while  by  Ear 
tho  greater  portion  of  the  loss  takes  place  at  tliu  sarfaoe  of 
tho  body,  viz.  from  the  external  parts.  Prom  this  it  follow* 
that  the  deeply  placed  iuternal  organs,  whose  direct  losa  of 
heat  is  very  trifling,  have  nnder  all  oironmstauces  the  highest 
»mporatare — a  tcmperaturo  equal  to  that  of  ibe  blood  itsclf| 
rhile,  those  that  aro  situated  snperticially,  in  wliich  pi 
caliy  no  caloric  is  produced,  will  bo  cooler  the  more 
giro  off,  and  the  smallar  tho  amount  conveyed  to  th( 
the  blood.  We  formerly  saw  how,  in  hannoay  with ' 
BUftcrficial  parts  become  cooler  iu  aniemia  and  id  vtmnns  hyp<^i 
lemia,  and  Mnutner  in  arterial  congestion.  V^-r^ 
two  forms  of  circulatory  disturbaoce,  not  oaly  d< 
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iopply  rery  little  bloodj  bat  the  loss  of  heat  is  facilitated  by 
tho  rctardatioD  of  iho  flow.  In  acliro  coogostioD,  on  tbo 
lODotmry,  tho  supply  of  arterial  blood  is  inoroaaed,  whilo  the 
f-bagraeuted  velocity  more  than  cotnponsatra  the  loss  of  boat. 
Now  what  iH  tho  (Ttmdition  of  affiurs  in  ioilaniniation  ?  Here 
tliL're  is,  on  tho  ono  hand,  an  increafied  supply  of  arterial 
■  blood  ;  for  the  arterius  are  dilated,  and  all  the  vessels  ia  a 
eoiiditinn  of  marked  hypersemia.  There  is,  on  the  other  hand, 
a  diminution  in  the  relocity  of  the  blood-stream  ;  so  that  con- 
sequently the  loss  of  beat  is  facilitat-ed,  whilo  at  the  same 
time  tbo  hont-Bupply  is  an^mcnted.  In  all  other  cirenlntorj 
donugementfl  both  factors  act,  as  yon  see,  in  the  same  direc- 
tion, whilo  in  inflammation  they  act  in  opposite  directions. 
What  may  l>e  inferred  therefrom  as  to  the  condition  of  in- 
dividual organs  in  intlammaiion  T  Above  all,  that  tho  action 
of  these  factors  will  nmtr  he  to  increase  the  temperature  of 
internal  onjant,  except  the  general  or  blood- temperature  ia 
mt  tho  same  time  increased  by  the  inflammntion ;  for  since 
the  internal  organs  have  the  same  degree  of  heat  as  the  blood, 
m  inoreasod  supply  of  this  fluid  cannot  add  to  it.  In  the 
tiext  place,  that  in  suporfictal  parts  the  temperature  may  be 
F«ugmented  as  the  ro«uU  of  inflammstioQ,  but  nan  never  ex- 
ike  blood-temperature f  indeed  can  neeer  tjuite  etfiial  it. 
Mtber  it  is  raised  at  nil  will  depend  on  which  of  the  two 
yn  just  mentioned  preponderates ;  on  whether,  for  ex- 
ample, the  snpply  of  heat  owing  to  the  bypera^mia  is  greater 
than  the  los^  of  heat  dae  to  the  retardation  of  the  blood- 
itnram.  This  is  very  possible,  but  the  contrary  is  conceiv- 
abto  also ;  and  it  is  even  not  impossible  that  both  factors 
nay  insintain  an  exact  eqniUbrium.  In  fact  this  qae^ition 
CaoDOt  in  my  opinion  be  decided  a  priori  ;  an  appeal  must 
be  made  to  experience — to  experiment.  We  can  measure 
bi>th  the  temperature  of  a  part^  and  the  quantity  of  blood 
fluwiug  through  it  in  the  unit  of  time.  Surgeoos  hare  long 
known  that,  on  catting  into  an  inflamed  part,  a  more  copious 
bloediog  guuurally  rt;»ultji  than  wheu  a  uormsl  tissue  is  in- 
ctxrd  ;  but  an  accurate  dcterminutioii  of  the  quantity  of  blood 
hi  qneation  may  be  made  without  any  difficulty  whatever. 
,Sy  sotting  up  a  severe  iDilammntion  of  one  fore  paw  of  a  dog, 
i^ttifaer  by  icaldiog,  painting  with  croton-oil^  subcntaaeous  in- 
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jeciiott  of  an  emulsion  of  tarpentine,  or  otiier  me&nH,  uiJ 
then  iatroducmg  on  each  sid€<  a  cannola  into  the  periplionl 
ends  of  the  large  veins  ranning  nloag  ibe  back  of  tlie  fore- 
leg0»  jon  can  very  conroniently  compare  the  qtuiatities  of 
blood  Soaring,  in  a  giren  numbor  of  seconds,  from  the  healthy 
and  inflamed  paws.  In  order  to  Becurc  greater  accuracy  ia 
the  results,  you  will  certainly  do  well  to  apply  on  each  aid* 
a  venesection  bandage  in  the  nein;hboarhood  of  iha  elbow 
jointj  or  still  bettor  a  tight  ligature  round  the  Ieg»  uniittto| 
the  a.  brachialis.  The  result  is  highly  instructive.  WhQi 
for  example,  on  the  sound  side  of  a  largo  dog,  4  \  0.0.  of  1 
ilows  away  in  ten  seconds,  there  escapes  during  tho  aaaMi 
limo,  from  the  vein  of  the  inOamcd  limb,  S  o.c.  Otraaioualfy 
ths  quantity  on  the.  inflamf-d  giJe  i>  more  than  double  thai  tm 
tfut  other  ;  and  indeed  where  che  inflammation  Uqaitoreoeat 
you  may  occasionally  satisfy  yourselres  that  it  ia  almoat 
large  as  >t  would  be  on  the  sound  side  were  the  plexus  axil' 
laris  divided.  But  even  in  inflammattons  of  tho  second 
third  day.  there  flows,  as  a  rule,  a  considerably  larger  quantit 
from  the  sSected  than  from  the  unaCTected  paw.  Ye4  tht^ 
result,  you  wilt  please  notice,  is  by  no  means  constant, 
when  the  inflammation  ia  still  older,  and  commeneing  to  onl 
side,  the  difference  should  gradually  disappear,  is  of  com 
nothing  remarkable.  But  yon  may  occasionully  find — anJ^ 
particularly  in  very  severe  inflammatioos — that  very  soon 
after  their  commencement  the  quantity  of  blood  flowing  froi 
tho  aSccted  leg  ia  even  smaller  than  on  tho  other  iiide — 
result  which, — I  may  at  once  add — can  tunally  bo  explaii 
by  the  rapid  setting  in  of  more  or  loss  extensive  gangnut* 
the  foot.  I  have  also  often  noticed  the  absence  nf  «nl 
increaao  in  the  blood-stream  in  vary  severe  sappuration 
the  paw. 

Chi  comparing  these  estimations  of  the  quantity  of  blooi 
flowing  from  tho  inflamed  paw  in  the  onit  of   time  with 
value  shown  by  a  thermometer  placed  between  the  toe 
will  And,  in  all  cases  where  an  increased  amount  of 
flows  out  of  a  cannula  in  the  vein,  the  t«mpera(ure  of  thii 
higher  than  ttiat  of  the  sound  one.     Nor  is  the  disparil 
any  moans  alight.     It  is  not  uncommon  for  tho  ii 
paw  to  be  6  to  8  or  oven  10°  wanner  tban  the  other. 
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ttill  more  not«wort1iy,  us  I  think,  is  the  abaoDCO  of  this  rise 
of  temperatare  in  those  cases  in  whicli  tho  quantity  of  blood 
psftDing  through  the  diseased  leg  is  not  increased ;  the 
affected  pavr  may  then  be  strikinglj  cool  to  the  touch  as 
'<  \  with  the  sound  one.     Taking  all  in  all,  yoa  will 

a-  a  thereaiilta  agreeiritb  our  assuiuptioa  ssperfeotlj' 

aa  anyone  could  expect. 

Bat  these  thermoinotric  measarementa  tencb  ns  fnrtber — 
that,  however  mnch  tho  temperature  of  tho  inBanied  paw 
may  exceed  that  of  tlie  sciond  one^  it  never  aequire$  the 
ImperaluTe  of  the  blood,  nor  even  that  of  the  rectum ;  it 
always  fulls  short  of  this  by  at  least  ono  or  two  dogrecsj  and 
oftflo  considerably  moro.  Almost  a  century  ago  the  cele- 
brated pathologist,  J.  Hunter,*  came  to  the  same  oonclusion, 
and  aammod  op  hia  investigations  in  tho  proposition — "  A 
locnltscd  inflammation  cannot  raise  the  warroth  of  a  part 
above  tho  tcmperalaro  which  is  found  at  tho  sonrco  of  tho 
oirealntion."  Vet  the  correctness  of  this  doctrine  has  since 
been  disputed  by  J.  Simonf  and  C.  O.  Weber},  who  consider 
ihcy  have  fouDtl,  on  the  contrary,  that  peripheral  intlnmma- 
tcry  foci,  produced  in  part  by  frikctores  of  bone,  in  part  by 
the  subcutaneous  injeolion  of  croton-oil  into  an  extremity, 
arc  warmer  than  their  arterial  blood'supply.  Vou  will  bo 
ready  to  dispense  with  an  account  of  the  far>reacbing  infec- 
oncos^  which  the  above-named  authors  have  drawn  from  these 
thi'ir  ubNurvatiuDS,  on  my  iofurming  yoo  further  that,  to  say 
nothing  of  tho  experiments  jnst  now  discussed,  tho  results 
of  SicQon  and  Wobor  have  been  corrected  by  very  competent 
aothority.  By  employing  moro  exact  methods — especially 
the  thermo-electric  estimation  of  temperatures — H.Jacobsoii 
and  his  scholars^  found  that  a  rabbit's  oar  is,  daring  tho 
cQurso  of  the  most  violent  croton  inflammation,  considerably, 
ofldti  several  degrees,  warmer  than  tho  sound  ear  of  the  other 
side,  but  that  it  always  remains  very  much  cooler  than  tho 

*  J.  Hiinier,  '  Althaiiillang  aber  Blut,  EotnindanK  UDd  SchnMWUDdea,* 
Ubcn.  Yna  Bnit'iM.,  iS,^  [i.  t^j. 

t  i.  tliiuon,  ia  HoIiuvh'n  '  S,v«t«m  of  Sar^t;,*  ut.  "  Inflsminatioo,"  i*4X. 

t  U.  O.  WcWr,  in  Pith*. Billroth'*  '  Ilandb..'  i,  Altb.  i.  p.  3S1. 

C  tl.  Jwoiiaon, '  VtrrlL  A.,'  11.  p.  275 ;  JaooWoD  n.  B«Tiihiml, '  Hnl.  Ctbl./ 
\  •! ;    LmuJion,  *  Ueber  ortlictu  Wtuiae«ntwi«klung  in  der  Knt- 


278 


IWFLiMHATtOJr. 


rectam  or  Tagica  of  the  animal ;  that,  further,  an  tnl 
maiion  of  the  deep  muscles  uf  tlio  npper  leg  in  the  dog*  pro- 
duces at  most  a  very  trilling,  and  often  no,  riso  of  iemperatnre 
as  compared  with  tho  soond  log  ;  and  that,  lastly,  in  fibrinooi 
plcnhtis  or  poritoDitia  in  tba  rabbit,  tho  lempuroturo  uf  tko 
inflamed  cavity  is  invariably  cither  tho  fuimo  as,  or  lou  than, 
that  of  a  healthy  cavity,  or  of  the  heart  of  tho  animal.  ]ioto> 
over  in  tho  auhacquent  coarso  of  the  infinmmatory  prooeaa, 
the  corresponding  portion  of  the  aound  limb  often  proved 
to  be  the  warmer.  The  rcsalta  90  established  in  inflamtsa- 
tioua  produced  experimentally  in  the  dog  and  rabbit  have 
since  then  been  repeatedly  confirmed  by  moaiiA  of  thenno- 
metric  measuremcntA  carried  out  in  variotiR  surgical  inflam- 
mattons  in  the  human  subject.* 

Tho  liftb  point,  the  fiinctio  Istsa,  however  MriouH  for  the 
individnal  organs  affected  by  it,  may  in  a  general  diaottaatoD 
of  tho  Bubjoct  bo  brieSy  disposed  of.  Fur  that  a  part  which 
ia  painful,  swoIIbu  by  exudation  or  iu6ltratiou,  and  which  baa 
undergoue  snch  CKsential  changes  in  itociroulatioo,  maaialso 
be  disturbed  in  ita  functions,  is  really  self-evident, 
you  consider,  for  example,  that  in  an  inflamed  orf 
merely  are  the  sensory  nerves  hut  tklso  those  oentripetat 
whose  excitation  calls  forth  reilex  proccises,  together  willi*^ 
the  motor  and  secrctor  nerves,  pressed  upon  and  dra|^;«d  by 
the  orerloadod  vessels  and  the  exudation,  nothing  will  i4>pcaT 
more  natnml  than  that  the  inflammaLion  shoald,  under  certais 
otroum»tanceH,  be  accompanied  by  abnormal  rctlex  piuinnMii^ 
Tho*  in  intiammations  of  moscalar  organi  the  cout 
power  is  impaired  ;  and  when  the  glands  are  similarly  innih 
the  function  of  secretion  is  interfered  with,  or  the  qnmalil 
and  composition  of  the  secretions  altered.  The  noiaro 
theie  alterations  and  distorbanoes  will  be  discussed  in  ooi 
nection  with  the  pathology  of  the  iudivtduat  organs, 
similariy  wo  shall  have  to  consider  the  nutritive  disturbances 
which  cells  and  tissues  may  suetaiii  in  iullamin  ' 
wo  como  to  deal  with  tho  pathulugyof  tho  motn': 
tisanes. 

If  regard  be  had  to  tho  detatl^  ju  IJ 

•  ScliDMder, 'Me«),  Ctbl./ 1870,  ^.579;  nojijK^., i,,^' 
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symptouiB  or  signs  which  may  be  expected  to  be  present  in 
an  ioSamed  part  a£  woll  oh  the  ciro  a  Distances  in  which  one 
or  other  of  Lhetn  may  bo  absent  will  nfttnnUly  suggest  thetn- 
idves.  Id  parta  poorly  supplied  with  ncrros  the  infiammo- 
tion  nins  &  painloBs  course,  and,  itimilftrly,  the  temporahiro  of 
hitoraal  organs  is  not  inoresaed.  N'on-vAscnlar  parta,  when 
ioHotned,  cannot  bo  rcrldenod ;  and  where  the  amount  of 
ttmnsadation  does  not  exceed  the  capnoity  of  tho  lymphatics, 

[■ATOQ  the   inflammatory  tumor  may  fail   to   appear.       Flow 

,TanonBaTo  the  modes  of  mantfeetation  of  the  tumor  we  hare 
already  carefully  discussed  ;  aod  your  attention  has  just  now 
been  directed  to  the  multiplicity  of  tlio  fuuctioual  disturbances 
attonding  iiitlammationof  the  different  organs.  A  still  more 
thorough  accouut  of   the  positire  diagnostic  signs  of  the  in- 

Lllamuiatory  process  appears,  accordingly,  to  be  irapoasiblo 
aswe)l  ms  superfluous.  On  the  other  hand,  it  maybeadvan- 
tngoouB  to  accentuaio  the  differential  characters  dislinguisb- 

i-ing  ioflammation  from  the  other  circulatory  disturbances 
which  formerly  occupied  our  attentiunj  and  which  in  truth 
iKVB  many  points  of  similarity  to  it.  In  this  way  we  shall 
•bio  to  throw  the  peculiarities  of  tho  inflammatory  procoas 
into  still  sharper  relief. 

The  likeness  to  active  htfperR-n\ui  Btrikcs  the  eye  moat  of 

tJI.      Here,  too,  wo  have  a  hyperaamia  conditioned  by  a  dila^ 

tation  of  the  arteries,  and  produced  in  many  oases  by  in- 

Ifltaces  acting  directly  ou  the  vessel  wall,  as  in  the  cooges- 

dne  to  high  tcmporoturej  following  temporary  iachEemia, 

<nr  moohanioal  riolence.     The  part  affected  is  reddened  and 

^Jwt,  not  uncommonly  painful,  at  the  same  time  slightly  tume- 

'fiod,  while  its  function  may  also  be  deranged.  The  rise  of 
temperature  may  bo  oven  more  considorable  than  in  inflam- 
matiou,  inasmuch  as  in  fluxion  tho  compensating  factor,  tho 
IDoreased  loss  of  heat  dne  to  retardation  of  the  stream,  is 
rat.      All  the  remaining  symptoms,  however,  are  much 

'  more  vividly  manifested  in  inflammation.  Pain  and  func- 
lional  distorbanod  are  always  more  marked  in  thu  latter; 
Boreover,  the  redneasof  fluxion  never  acquires  that  intensity 
which  is  soen  in  inflammatory  hyperssmia,  ko  that,  as  I  for- 

^uerly  stated,  a  part  whose  vaso<Riotors  are  divided  becomes 
«0Dsidi>rably   more  hypenemic  on  setting  up  inflammation. 
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BeaidcBj  tho  redness  of  congeBtion  Is  brighter,  of  inflAm- 
mation  dftrkcr^  more  livid.  Bat  mors  importA&t  onqtie»> 
tiouably  is  the  fact  that,  except  in  the  toogtie  (cf.  p.  14)^ 
tratHFudation  is  never  inereated  by  rimple  evn^tslion,  vhiU  m 
'  injiafmnation  ihi»  incrcaae  i»  never  abnent,  Uenue  cougcatifa 
Bwelling  does  not  exceed  the  moderate  boundii  set  it  by  tho 
Taryiug  falness  ot  the  blood'VesselB,  while  the  iaflnmmotory 
tuuor  may  assame  eDormoos  dimensions.  True,  it  does  not 
always  do  so,  and  in  cortuia  inflnmrnatioDS  of  slight  intonaity 
this  differential  character  may,  as  wo  hare  eeon^  be  omitted. 
The  increase  in  the  Jymph-strcatu  con,  however,  hardly  /ail 
to  be  found  in  these  inflammations — a  circDmstanoe  of  whii^, 
it  is  trno,  no  advantage  caa  bo  takon  in  arriving  at  a  differen- 
tial diagnosis  in  roan.  In  Fulditiou  to  the  other  factors  that 
have  been  adduced,  the  chieE  weight  most  then  he  laid  on 
the  condition  of  the  organi^^m  an  a  whole,  whitih  in  inflamma- 
tion invariably  sympathises  much  more  strongly  than  it  doom 
in  simple  congestion.  The  later  local  changes  afford  a  farther 
distinction ;  of  these  I  shall  soon  give  a  foller  account. 

In  the  second  place,  passive  hypcrfiemia  or  vemnta  fttujnu- 
Hon  haa  to  bo  considered.  Here,  too,  there  ts  a  reddening 
dae  to  overloading  with  blood,  a  reddening,  moreoTor,  wbiob 
more  closely  rcKcmblcs  tho  iuflumuiatory  form  by  reaaoQ  of 
its  livid  hue.  There  is  also  an  increase  of  transudation^  that 
is,  a  tumor.  Pain  may  likewise  he  present,  oud  fuuclional 
distorbDnce  will  always  bo  found.  On  tho  other  hand,  eabir 
is  invariably  wanting,  and,  again,  the  constitution  of  the 
tumor  is  totally  different  from  that  in  inflammation.  In 
tho  uodomatoiis  fluid  of  mechanical  hypeneraia  cellular  el»- 
mcnta  are  almost  entirely  absent,  or  are  present  only  in  the 
proportions  found  in  every  normnl  transiidfttion,  though, 
where  tho  stagnation  is  intense,  red  blood-curpuiioles  ttn  mt& 
vrith  in  smaller  or  larger  uombera.  hx  the  inflainmatory 
oxudatiou  the  latter  are  uot  wauling,  but  pu:^-  ro 

always  present  in  addition,  and  sometimes  in  ei.  .  n- 

titles.      But  the  cudema  of  stagnation  cannot  bo  <  '-d 

even  with  the  products  of  an  iulla  g 

BCTority,  nor  with  tliOHU  of  the  eu  ■*, 

in  both  of  which  a  liqoid  contain)  I  --^ 

from  the  Teasels,  tor  tho  format-  m  ■•  ■"*  liukd,  whihi 
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Iho  iofiammatory  traDsudatiou^  on  tho  eonlraiy,  is  a  concen- 
tteil  ono. 

After  this  exposition  it  will  not  be  necessary  to  repudioto 
in  detjul  tba^e  theories  of  inflammation  whtcli  till  a  few  jeArs 
ago  wero  nnivorsally  accopted,  and  some  of  which  ftrc  still  hold 
by  a  few  anthorfl,  either  in  their  entirety  or  in  modified  form. 
In  riew  of  the  extreme  freqnency  of  infliimmatory  processes, 
and  of  their  predominnDt  importance  throughout  tho  whole 
special  pathology,  the  attention  of  practical  and  ihooreticnl 
ktbologtats  of  all  agefl  conld  uot,  of  oourse,  fail  to  bo 
Lmcled  by  them.  Indeed,  one  is  perlmpo  justitiud  lu  Niying' 
it  is  tho  iuLerpretatioQuf  inllamiuatiua  which  has  formed 
the  aiartiug-poiut  and  goal  of  all  the  sytiteuia  and  schoola 
modiciuci  that  Imvc,  lu  tho  coiirKo  of  centuries,  sacoeeded 
m  another.  Of  these  thmitics  of  inllammatioD  only  few, 
of  coarse,  have  bceu  able  to  maintain  a  footing  up  to  our 
lime,  and  among  Ihcm  the  neuro-humorat  occupies  the  chief 
place.  This  theory  soeks,  as  its  chief  object,  to  explaia 
the  circuUtory  disturbances  iu  inllaramaliun,  and  aims  there* 
foro  at  eetabliehitig  uu  a  ratiooal  boais  the  occurrence,  on  the 
ODO  hand,  of  tho  hyperemia,  and,  on  the  other  of  tho  retarda- 
tion of  the  blood -St  ream ;  in  regard  to  tho  latt«r  of  which 
it  has  long  been  known  that  it  may  in  the  capillaries  amount 
stagnation.  Tho  ncuro-humoral  theory  of  inflammation 
)nla  itself  in  two  modified  forma,  an  i«cAan»u:  and  a  paro' 
According  to  tho  former,  which  h»4  been  explained 
elaborated  by  CuUen,  Eeiseumann,*  J.  1101004  ^^^  '^ 
gr«ater  detail  by  Briicke,}  it  is  to  the  contraction  of  the 
aSereut  ortories  of  u  part,  reflexly  called  forth  by  tho  eicita- 
)n  of  sensory  nerves,  that  the  further  circulatory  dislurb- 
B,  in  particular  the  slowing  of  the  capillary  stream,  is  due. 
Uog  to  the  second,  which  no  one  has  done  more  to 
than  Henle,^  it  is,  on  tho  contrary,  a  retlex  relaxation 
dilatation  of  the  arteries  that  occasions  the  inflammatory 

Cwonntann,  '  HsMer's  K-'  1841,  p.  139. 
.1.  ilfwt. '  Ph;sH>l.-i>att<.  Stn>Iifn..'  1843.  f.  I56. 
*^  H-t:  Vp,  •  Arehif.  t.  \>hy.  Hvilk  .'  is,  p.  493. 

'  ZeitjH^liT.  f.  nit.  Mi^l.,'  ii,  p.  34  ;  '  llaodti.  d.  tatJon.  i'athol.,* 
.^_«c.,,ilj.  ytilling. '  riij-»i"l.-i»llioL  uiiJ  iiiecIianuicli.prmIcl»clH>  Uut«r- 
ir  din  tf lunntirritiitioD.'  1840. 


282 


TKPl^MMATlOS. 


h^pnrn>miii.      Now  thai  th&ae  two  theories  arc  inadeqaole' 
roTidpr  tlio  circulatory  disturlianco  in  itiflanimatiun  uompr 
hensible,  requires  id  our  ease  no  special  proof.     Korrowitii 
of  the  arteries  cat)  on1y>  as  yon  know,  pro<Iaco  atnemia,  orj 
when  extreme,  necrosis;  or,  again,  whun  ihc  <)e(;ondar7  coi 
ditiona  are    favorable,  hflsmorrhagtc  infarction  ;   and,   irUl 
respect  to  the  active  hyperwmia,  I   have  just  been  dw«niBf 
again   ou   tbo   facts  that  only  cxccpLtoually  can  it  inOT 
trausudatioQ,  and  thai  it,  aa  a  rule,  givus  ritie  to  nuUilt 
beariug  tbo   least  resembJunoe  to  the  inflatumatory  tum'irJ 
But  wo  novr  know,  beelJes,  how  it  was  possiblu  fur  such  ex^ 
oellent  obs«rvers  aa  the  above-nataed  to  fall  into  aaoh  at 
rently  palpable  errors  ;  they  fuilt-d  to  diBcrimiuat«  al 
between  the  cironlatory  diaturbancfe  setting  in  immeitii 
on  the  a2*}>lieaiion  of  the  eixiltr  of  iivflammaiion,  and  tka 
luritancet  tehUh   are  ainetly  infanimatory.      It   ia  y 
trae  that  when  any  more  or  less  activo  so-called  in.... 
applied  anywhere,  tho  artbrica  andorgo  somotinun  contmc* 
tion,  at  ochcr  timnt  litlataiion,  and,  ap-ain,  nt  other  linn 
contraction  follua'od  by  dilatation,  and  there  may  be  a 
deal  of  interest  in  investigating  the  conditions  in  which  oo«J 
or  other  of  these  events  ensues,  as  has  recently  beu>D  d( 
by  Saviotti*  in  a  paper  marked  by  groat  iudustry.      IVill 
it^tammatimt,  hotcever,  Ihene  phenotm'na  hirre  nothing  to 
for  it  can  be  shown  in  the  most  pusitive  manner  that  Ihi*] 
may  bo  present  without  sabsequcnt  iuSammatioD,  and — wl 
ia  still  more  decisive — that  indanimation  very  often  seta  in  il 
the  absooce  of  these  antecedents.      After  vigorously  piaehiog 
tho  tongue  of  a  frog  with  a  forceps,  a  very  atrong  aoth 
hypenumia  of  the  entire  half  of  the  organ  is  wont  iai 
diately  to  appear ;  this  Hnbsides  after  a  time  withuat 
development  of  any  other  condition  whatever.      Yon 
indeedj  produce  a  much  strougor  active  hypornsmia,  aci 
which  develops  with  extreme  rapidity,  by  t-oiiohing  »  «t^1 

Iiart  of  the  aurfaco  of  tho  tongue  with  the  ' ■ 

hot  gound  ;  this  hypci-mmia  also  gradually  . 
leaving  the  slightest  trace  behind  it,  not  evec  i  < 

ahar  is  inHanunation  s«t  up.f      Now  call  to  nimi:  u>iri 

Siriotli,  •  VireU.  A./  I.  p.  391. 
t  Oolinbcini. 'Meav  VattfinalMapa  ubsrditEatxJuuIiiae,' S. 
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p«rimenM  on  tho  rabbit's  ear.  After  painting  with  croton- 
oil  or  baming  with  nitrate  of  mercnry,  more  than  an  honr 
eUpsed  before  even  the  slightest  begianinga  of  a  hjpertomia. 
ooald  bo  detected,  and  thero  eosaed,  neverttieless,  an  inflani- 
malion  of  int«D8e  Tio)eno«.  Accoi-dingty,  the  belief  in  an 
intimate  connection  between  these,  oHon  very  conspicaous, 
early  appearances  in  the  vessels  and  the  sobseqaent  inSam- 
motion  must  be  DDConditionally  aurrandered.  Tho  phono- 
mena,  which  aro  no  doabb  partly  reflex,  and  partly  tho  rosult 
of  mechnoical  injury  of  the  veBsels,  nmy,  it  is  true,  pass  on 

E~  wiihiiut  a  break  into  actual  inflammatory  di»tnr1>auco  of  tho 
circulation,  as  coald  be  directly  tniced  in  the  mesentery  of 
the  frog,  bat  thia  simply  means  that  a  moleeular  ettange  in 
tie  veuel  vails  has  I'ery  mpidly  become  associat^^l  with  tho 
simple  relaxation  of  tho  muscular  cont,  the.  atony.  In  very 
many  coses,  however,  the  Iodqb  is  relaxed  only  gradually, 
the  relaxation  strictly  keeping  jioco  with  the  development  of 
the  alteration  of  the  wall,  which  latter  always  is,  and  con- 
tinues, the  main  element. 
These  facts  are  sufficient,  in  my  opinion,  to  sliow  that  ner- 
Tons  intiacncoB,  with  whose  potency  olsowhero  we  are  familiar, 
are  not  decisive  of  tho  process  of  inflammation.  And  how, 
farther,  can  it  bo  roconciled  with  this  hypotheeia  that  parts, 
unconnected  with  tho  remainder  of  tho  body  except  by  means 
of  their  princi[ml  vessels,  may  nnilergo  inflammation  j  how  it 
ti  to  bo  explained  that,  in  the  frog,  the  tongue  may  become 
inflamed,  even  when  the  brain  and  medulla  oblongata  aro  com- 
pletely destroyed  ?  An  abnndance  of  analogous  examples  are 
presented  by  human  pathology  also.  An  eyo  whose  trige- 
tninas  is  pamlysed,  or  an  extremity  with  complete  paralysis 
of  motion  and  sensation,  is  not  for  this  reason  inQaraed,  nor 
if  it  fry  any  means  protected  againat  itijlammalion.  By  what 
reflex  mechanism  can  the  occnrrcnco  of  a  severe  purulent 
Iteratitiu  in  n  completely  anicBthetio  cornea,  or  of  auerir'sipelas, 
a  phlegmoDj  in  a  leg  deprived  of  sensation,  be  explained  t  At 
most  by  tho  mediation  of  tho  ganglia  in  tho  wall  of  tho  tcssoIs, 
whose  possible  participation  we  shall  very  soon  discasg. 
Not  only  have  partJi  of  the  body,  deprived  of  ovory  nervous 
II  •  '  with  tho  central  organs,  no  immnnity  from  inflam- 
.   they  become  indamed,  as  has  long  hcen  known 
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to  pliy&ioians,  rerj/  reaililtj,  mocli  more  rcatlily,  apparcDtljr, 
than  parts  whoso  innerration  is  perfect.  Few  factii  in  cxpe- 
ritnental  pathology  are  moru  certain  than  the  uccurrenco  of 
violent  iuOamraatiou  in  the  eye  of  a  rabbit,  within  tWL>nty-Eour 
to  (ortj-cight  hours  after  division  of  the  corresponding^  trige- 
minne,  or  that  rabbits  both  of  whose  vagi  aro  divlJetl  poriib 
from  pnenmonia  within  two  or  three  days.  Thoraare,  more- 
over, certain  affections  of  the  skin  of  au  undoabtcdiy  inflaoi- 
matory  character,  which,  liko  herpes,  appear  in  vesicular  form, 
and  which  accurately  correspond  in  seat  and  extent  with  the 
distribution  of  certaiu  norvoa.  Dospito  what  hsa  been  said^ 
do  not  these  facts  |>oini  to  the  co-operation  of  norrea  in  the 
procees  of  inflammation  f  There  are,  indeed,  many  anthora, 
who  have  attributed  to  certain  spoci6c  nervci^j  the  so-called 
trophic  oncN,  an  cKKcntial  importance  in  this  direction  ;  aooor- 
dtng*  to  eome  it  is  their  qaicsconce,  according  to  others  their 
stimelation,  that  calls  forth  inflaminattou.  But,  however 
weighty  may  be  the  names*  amongst  the  champions  of  this 
doctrine — I  mention,  for  example,  Charcot's — I  do  not  bcai- 
talc  to  declare  myself  against  it.  In  such  of  the  so-called 
truphic  iuQaniDiBiions  as  have  been  cai-efully  iovustigated, 
proof  positive  could  be  afforded  that  ifaey  owe  their  origin  to 
conditicus  quite  other  than  paralysis  or  excitation  of  Iropbio 
nerves.  With  respect  to  -pneurnvniii  after  divisiim  of  thu  coji, 
it  was  years  ago  shown  by  Traubet  in  a  series  of  ingenieaa ' 
experimental  that  the  affection  is  due  simply  to  forei|^u  bodies, 
romaina  of  food,  bnec-al  luueu^  nnd  the  liko,  which  nlip  inUi 
the  longs  through  the  paralysed  and  gaping  glottic — ft  resall 
whioh  has  since  been  assailed  in  vain,  and  which  tnoro  re< 
contly  hae  oven  received  in  many  dirootions  still  stronger 
support.  Thus  Steiner  Buccf»ded  in  preventing  tho  oecor-J 
roncoof  pnonmoniu-by  simply  plociiigthe  rabbits  contiii  < 
on  their  backs  after  division  of  tho  vagi^  and  Uias  mn' 


•  Suinel.  'Dm  trophlwhto  VerTen.,*  iSte;  Tofcii», Tlnth.  A-.* 
p>  579  i  Stihiff.  *  L'ntvmiebungim  uber  die  Phj-uol.  d.  Hfrremy^aan,'  tH^ ;  i 
Cbsnvtt,  '  KliniM-be  VortrS^  liWr  <1.  Kniiilfh/ilrii  il.  Nfrr^iwyKKin*,'  dlnn. 
V.  Fellu-r,  1S74,  Bd.  i.  p.   1  ;   IImwM-Sc<]a»rd, '  KifioriionDta)   BmwuvW*- 
klijpliMi  to  l'liv«ivk'K'.v  snd  PiiLlioltigj,'  1653  i  <>.  W«ber.  ■  Jltcd.  CMbL,'  1< 
So.  10 1  Kaposi. '  Wiua.  mod.  Ant..*  iS;^!  li  ^orbt. 

t  TnnlM,  •  OoBuniulltf  Aliluuidl.,'  B(L  i.  [tp.  i,  1*3. 
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ssible  for  the  fluids  of  tfao  mooih  to  escape  throngh  t1i(^ 
isoutl)  and  nose.*     The  tame  thing  applies  to  the  trit^minus- 
kcratitis,  uracil  jsalso  called  by  ophthalmologisU,  tho  veuro- 
poraiytic  injiammalion  of  the  cornea.     Here  too  tlie  keratitift 
is  aUributable  solely  to  the  circamstaace  that  the  antesthetic 
eye  cannot  protect  itself  agaiust  accidental  injury.      It  is  <{uite 
nnueoesBary  to  do  as  Snellen  did,  and  stitch  tho  ear  over 
llio  insensible  eye,  in  order  to  prevent  tho  oconrrenco  of  kera- 
titii ;  the  same  object  may  bo   perfectly  scoured  by  using 
any  other  protective  covering  you  please,  a  common  pipe-lid 
r  instance,  which  ia  fastened  in  front  of  tho  eye.      Nor  is 
ihisall  ;  for  Scaftlcben  has  shown  that  in  this  form  of  kera- 
titis we  are  not  dealing  with  a  direct  inflammation.     The 
earliect  change  is  invariably  an  evident  n^rroRts  of  the  cornea, 
called  forth  by  some  traoma  or  other,  which  the  anprotocted 
[     eye  failed  to  ward  off;  and  only  after  nocroRis  has  first  oc- 
^Ktirrrd  does  tho  secondary  inflammation  set  in.f     Accordingly 
^Hbe  trigeminus-keratitis  cannot  in  any  way  be  ntilisod  aa  au 
^prgoment  for  the  existence  of  a  trophic  inflammation  ;  and  tf, 
ae  we  have  seen,  the  theory  has,  in  both  these  apparently  so 
coDcIuiiive  cases,  failed  to  stand  the  test  of  a  critical  exami- 
'      nntiou,  I  think  we  shall  do  well,  iu  the  case  of  herpes  Koster 
also,  to  wait  for  a  careful  anatomical  or  experimental  exarai- 
Mtion  before  basing  such  far-reaching  conclnsions  on  this 
isolated  fact. 

ThoceUular  theory  ofinfiammation  propounded  by  VirohowJ 

long  enjoyed  a  popnlnrity,  if  possible,  still  greater  than 

c  n euro- humoral.     According  to  it,  tho  events  connected 

h  iho  vessels  aro  far  from  being  tho  main  element  in  in* 

.mmation.     Tliey  occupy  only  a  subordinate  plaeo,  and  are 

'te  bo  regarded  as  secondary  ;  while  tho  gcnuino  central  point 

of  the  entire  process  must  bo  songht  in  the  ixttue-Mlta  of  the 

•  Cftiimcr, '  Pfltig.  A..*  viii,  p.  loi  ;  Frejr, '  Die  pothol.  Lnnjrcn«riiKl«r- 

itgvii  ttteh  Lahmung.  d.  H.  Tagt,'  Leipzig,  1877  ;  8t«tlt«r, '  Arch.  f.  Ansi, 

PhyitoL,*  Pbjviol.  Abth.,  t6;S,  )>.  218.     Cf.  kUo  tbm  Ivctiira*,  voL  ii, 

(.4.  1- 

t  V.  Ormtte.  •  Arab.  f.  Opblbftlta.,'  i,  p.  »6 ;  Btittner, '  ZeitKbrift.  t  nt. 
Ittd. '  (3),  Bd.  XT  i  Ueiasner.  ibid.  C3).  Bd.  xxix  ;  Snellen,  *  Areb.  f.  1  holL 
BmL,'  it  p-  wfi;  B«nftl«b»n, '  Viiub.  A.,'  Ut,  p.  (19,  Izxii.  p.  378. 

t  Vtrcbow,  bU  '  Anhtr.'  i.  p.  37».  >'.  P-  261  ;  '  llsntlb.  d.  ipee.  Path.,' 
Bd.  i,  p.  46 :  '  CelluUipatbofo^.'  4  Aafi.,  Bcilio,  1S71,  jf^  364,  458. 


286 


nfFLAMllATIOIf. 


affected  park.  Theso  nro  supposed  to  sircll  aud  colar^  od 
exposure  to  the  indammator}*  irritailt,  and  then  lo  giro  birth 
to  Dew  cells,  tLe  puK-corpu$cles.  The  oecewtar/  matmal  ii 
o£  course  abstracted  frooi  the  iaoreased  stream  of  traiKoda* 
tioQ,  which  itself  is  explained  by  a  sort  of  altradiv^  injlutitof, 
Eoppoaed  to  be  exerted  by  the  ti&sue-ceJIs  on  the  vessels, 
OF  their  contents.  The  oella  which  the  irritant  had  ouued 
to  oDlarji^o  iuduce  the  neighbouring'  vessols  to  diUte^  and  to 
allow  of  an  increased  transadattoa.  You  obsorro  that  this 
theory^-«f  which,  it  is  tme,  the  merest  outline  has  been  given 
' — intrndacea  into  physiology  a  principle  discovered  ad  hocj 
and  Itaving  no  analogy  elsewhere, — that  of  an  oUrarlieK  «/; 
Ihe  lissvea  or  liaeue-eoUa  on  the  vtaanhf  and  their  eonleniti  Atr 
even  if  we  disregard  the  circ  am  stance  tliat  the  mechaniam  of 
glandnlar  secretion  is  applicable  to  the  glands  aloue,  no  c-on* 
parison  with  that  process  can  be  made  here  ;  (or  Heidenhain* 
has  shown  that,  in  spite  of  the  fullest  fonctioual  capa^'ity  ol 
the  gtand-cella,  and  the  perfect  integrity  of  the  cironlalion, 
poisoning  of  the  secrctor  nerves  is  sufficient  to  completely 
suppreas  the  increase  of  trauHudation.  Moreover,  an  aUnc* 
tive  inflnonco  of  this  hind  could  at  most  relate  only  to  floida, 
in  the  case  of  which  we  are  acquainted  with  certain  analogies 
in  the  pboiiomena  of  difTusion.  But  how  tho  tissne-oolla  an 
to  set  about  enticing  tho  colourless  or  red  corpost-los  oai  oC 
tho  vesaela,  passes^  as  I  told  you,  at  least  my  coraprehansiaa. 
Add  to  this  that  it  can  be  shown  with  absolute  rertainty  how, 
in  very  many  cases,  not  only  is  marked  hypenumia  present, 
bnt  also  very  considerable  transndatiouj  before  tho  slight«it 
change  has  occurred  in  the  ti<isue-cells.  Theso-called  tenms 
intlftmmations  have  long  been  cited  in  illustration  of  thia  laet 
by  the  clinicians  in  opposition  to  Virchow  ;  and  yoq  your*,  i 
selves  need  only  call  to  mind  the  slight  inflammations  of  the 
car,  followiug  heating  to  48"  or  a  leoipomry  i^v-hBomia,  lo 
acknowledge  the  correctness  of  the  statement  just  nmde.  Rerv 
thore  wore  really  considerable  doughy  swellings, :.  -  oo 

bvideuce  of  any  cliauge  was  presented  by  the  cl..^  •■>  (ho 
tongue  or  ear,  and  e&tremely  few  pas-corpusclus  were  mot 
with  in  the  tissues;  while  tbe  few  that  were  present  w(rr« 
situated  in  the  immediate  neigbboorhuod  of  tho  veijia  and 
*  DtidsoliMn, '  Pflog.  Jl^'  V,  p.  309. 
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Thia  holds  good  nob  merely  in  infiammatJoDs  of 
roecalor  parts,  but  ia  Qquall)*  true  of  ioflammatioiis  of  so-called 
noo-rBBGulur  ones,  ou  which  the  ediiice  of  the  oollular  jnitho- 
logy  has  Ucdd  boilt  up.  Ttio  h^ponomia  of  the  ootijunctival 
TesMils  aud  oircumferGiitial  plexus  invariably  precedes  the 
cloading  of  the  cornea  or  ihe  appoarancoof  puu-oorpuscles  id 
Its  tiasuo  ;  and  is  wry  uxtoiieive,  or  mora  ciroiimscribed,  in 
proportion  to  the  intensity  of  the  developing  keratitis. 

In  ite  pare  and  nnaduUerated  Form  tlie  cellular  theory  of 
ifiaoimation  in,  in  fact,  at  present  maintainod  by  no  one. 
[ottbor  its  fonndur  nor  the  author  irho  has  recently  appeared 
itB  eathneiasiio  champioCj  Strieker  in  Vienna,*  doubt,  bo 
far  as  I  know,  the  independence  of  tho  orents  taking  pUco 
the  vessels,  find  their  exemptioa  from  all  influence  on  the 
kri  of  the  celU.  Nor  can  it  be  questioned  that  the  pro- 
as connected  with  the  vessels  are  suOicient  to  bring  aboat 
ft^regate  phenomena  characteristic  of  iuSammalion,  for 
iftlebent  has  shown  that  a  oomea,  the  whole  of  whose 
oorjiasclus  have  bucn  killed  and  made  to  disappear  by  tho 
(kjection  of  a  few  drops  of  oil  of  turpontine  into  tho  interior 
hambor,  becomes  cloudy  and  swellenj  and  most  densely  in- 
Itrated  with  pus  corpuscles,  bo  that,  despite  the  absence  of 
all  fixed  conical  corpuscles,  it  presents  to  tho  naked  eye,  and 
when  examined  microscopically,  a  typical  picture  of  most 
renoine  inllaminatiun.  Thiis  being  the  state  of  affairs,  the 
Jy  question  that  can  be  debated  at  present  is  whether,  side 
side  with  the  circulatory  disturbances,  Virchow*s  so-called 
itrilive  and  formative  changes  of  the  tissne-cells  at  all  occnr 
inflammation,  and  in  particular  wJiether  by  mtana  of  the^e 
in^rcw  ejcitdation-  or  puM-corpugeles,  arise.  Let  me  attempt 
define  my  position  with  regard  to  this  qnestion.  It  would 
preposterous,  I  think,  to  expect  that  the  tissue-cells  should 
lioiaiu  absolutely  unnffoctud  and  unaltered  by  the  inHaiuma- 
|oo.  Are  thvy  wA  living  beings  with  a  met«bu)i»m,  the 
}ta,ila  of  which  are  indeed  in  several  respects  unknown  to 
"na,  but  which  certainly  in  many  of  them  is  a  very  active 
oao?      Would  it  not  be  very  surprising,  therefore,  if  tbeir 

*  8.  Strieker. '  Studi«u  nu  il.  Invt.  f.  rxp.  Path,  ia  Vfiaa,'  1870,  and  various 
!•{«»  In  the '  Wieti.  ined.  Jn!<rl>.' sioc«  tSji. 
.finiUeben, '  Vtrcb.  A^'  Isxii,  p.  54a. 
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structure  and  ohemical  constlluliou  wore  to  oontiatiu  nlLo*] 
gether  unchanf^ed,  ttiough  the  vplocity  of  tho  blood-iitreiiBi 
tlirough  tlie  vessels  supplying- theru  has  dJoiinished,  and  tbry 
arc  now  bathed  by  an  abandant  exudation  havio)]^  anytliinfpJ 
but  uormal  ch&rncters,  instead  of  by  a  Tiorriial  tmti     ■'     '  'i  of 
modoraie  amount.  Moreover,  the  tissue-cells  are  in  ,.     i«e» 

directly  affected  by  the  causes  of  inflamniatiuD.      iBchwrnttj 
deprives  not  only  tbc  vessel  walls  bat  the  tissue*ceIU  «^f  thvirj 
supply  of  nutritive  Quid,  a,nd  the   aame  heat  nrhich  soalda] 
the  vtitisuls  of  a  rabbit's  ear  on  plungtu(|f  it  into  bot  frntcrj 
equally  affocts  its  iissao-cells.      On  touchiog  the  cornea  wiUil 
nilraiv  of  silver,  the  tissue  within  and  immediatolj  ai 
the  corroded  portion  with  the  contained  cellolar  elementi,] 
will  be  earlier,  and  at  any  rate  much  more  powerfnllff  ioflo- 
encedthan  will  the  vessels  in  the  periphery  of  the  eonieii, 
which  the  chemical  action  of  the  oaastto  extends  only  refy 
gradnally,  and  after  considerable  attenuation.      Accordingly 
the  development  of  many  processes  leading  to  the  disorganisa* 
tion  and  degeneration  of  the  tissue-cells  of  an  inflamed  part 
is  absolutely  tinnvoidnblo,  and  cells  which  havo  nurvived  Ibe 
actual  onslaught  of  the  exciter  of  iQflammation  most  vwy. 
often  subsequently  succumb  to  disintegration,  ndorosit. 
Las  been  said,  there  is  nothing  remarkable  in  all  this,  ao( 
the  question  would  hardly  be  so  warmly  discussed  did  it  merelj 
involve  the  explanation  of  the  disintegration  of  celUnnoIti 
into  small  fragmdots,  or  the  appearance  of  coarse  or  fine' 
granules,  fat  drops,  or  vacuoles  in  cells,  and  the  like.      8al 
lias  it  really  been  made  out  that  the  changes  of  Ibe  tissae-ceUs 
are  simply  retrogressive  f     Do  not  changes  of  an  altogether 
different  kind  take  place  side  by  side  with  these,  perhaps 
in  certain  other  cells— changes  which, as  Virchuw  railed  tbei 
are  progressivCf  and  finally  lead  to  the  formation  of  new  cetU^ 
pns-corpnscles?     An  assnuiption  of  this  kind  was  not  mi 
permissible,  bat  even  enjoined,  at  a  time  when  the  oaj 
of  the  pn3>corpusclca   for  locomotino,  and  especially 
emigration,  was  still  unknown.      Nothing  then  appeared 
natnral  than  that  the  pus-cells  found  anywhere  shoali 
the  descendants  of  the  tiHsue-cells  of  the  locality.      Siu< 
acqaaintance  with  cell  extravn»ntion   baa  become  cfi( 
property^  this  aasamplioD  is  no  longer  ncaeaary,  for  wo: 
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IcDDw  tliBt  prodi^oas  qaantities  of  oolonrloss  colls  can  be 
famished  by  the  vessels  of  an  iDflamed  aroa.  Under  these 
ciroamstances  the  qnestion  whothor^  ia  addition  to  these,  a 
certaia  nnmb«rof  pus-oorpascles  aro  produced  bj  tho  tissos- 
ijIIb,  ia  as  regards  the  iaflammation  itself,  of  really  RoHordi- 
lt«  importance  ;  and  it  would  be  difficult  to  understand  why 
this  partioDlar  problem  shonld,  in  the  last  few  jeara,  have 
sttmnlated  the  activity  of  bo  Inr^o  a  number  of  inquirers,  were 
not  certain  weighty  problems  of  coU-life  bound  up  with  it. 

Tho  decision  of  this  qnestion  is^  I  willingly  confoss^  more 
difficult  than  appears  at  first  sig;hL  As  late  as  the  seventh 
^ecada  of  this  century  the  matter  was  simpler ;  if  a  pus-cor- 
tscle  were  met  with  in  an  epithelial  or  other  cell,  il  was 
^fthesitatiugly  assumed  to  have  arisen  endoytnotuly,  and  if 
two  or  three  were  found  in  a  situation  where  a  oonuoctiTe- 
tiaiue  cell  might  be  expected  to  be  present,  aa,  for  example, 
in  the  position  of  a  so-oalled  corneal  corpuscle,  they  were 
spoken  of  as  the  descendants  of  the  latter,  and  wero  supposed 
to  owe  their  origin  to  its  division.  Improved  histological 
jthods  malco  it  possible  now-a-days  to  recognise  cells  whore 
ley  formerly  escaped  observation  ;  abovo  all,  we  know  that 
■■•corpuscles  can  wander  into  uvery  part,  and,  in  particular, 
■  can  penetrate  lute  other  cells.  We  accept  the  new 
:'i  of  a  pu8-corpuacIe  as  demoustrated,  ouly  where  we 
have  seen  it  take  place  directly  under  our  eyes,  or  where — 
and  this  apjiears  the  nimost  ctmcession  we  ain  make — strict 
)f  can  be  ofTored  that  the  piis-corpuscle  in  question  cannot 
Lve  travelled  from  some  other  place.  No  one  lias  so  far 
icceeded  in  observing  the  formation  of  a  pus-enrpnncle. 
i«  base  gf  a  wound  of  the  frog's  tongno  affords  the  best 
tportunity  for  watching,  for  hours  together,  the  behaviour 
tho  6xed  connective-tissue  corpuscles  during  the  simalin- 
108  jtrogress  of  the  circulatory  disturbances.  The  only 
changes  which  I  and  several  other  subsequent  observers  have 
Been  lu  thorn  aro  the  n^sumptiou  by  some  of  a  more  strongly 
luular  character,  and  the  rounding  ofi  of  others  by  the 
IDpfaction  of  their  proceeaes.*  Strieker  also  failed  to  ob- 
/B  a  solitary  instance  of  division,  or  other  so-called  progres- 
;,  during  an  examtuuliun  coutinued  fur  ten  hours.f 
a, '  Vmrf).  X^'  iIt,  y.  333.  t  Strieker,  •  8ltidi«n,'  p.  36. 
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Mor&over  the  iMond  mode  of  proof  h«s  not  »}  far  been 
tended  with  fmoceeit.     Buttcfaer*  cspeciaUy  has  directed  h 
efforts  to  this  aspect  of  the  qneRttnn.      He  hiut  been  at  pnu 
to  produce  small  circmnMrribcd  ioflammatiotis  of   the  c«>ru( 
by  very  slightly  irritating  its  centre,  hoping  in  this   tray 
aroid  any  implication  oF  the  conjnnctival  vessels.      Ptu-co' 
pDiicles  in  small  numbers  mfty  acinnlly  be  observed  in  th 
smnll  central  opacities,  and  it  is  very  easy  to  oouvinco  o 
that  they  are  not  immigrauti^  from  the  periphery  of  tho 
Keverthek'iut,  tbio  result  does  not  prove  auythioff,  since  pii*. 
oorpascloa  can  quite  as  readily  peootmte  tbe  exposed  coro' 
tissne  from  tho  conjunctival  sac  iu  front  of  it ;  and  ui 
ooajanotival  secretion  lympb-corpusclfs  ure^  us  ifi  wuLl  know 
invariably  present,  but  more  eopecially  after  irritating 
oomea.t 

Though,  as  we  have  seen,  a  new  production  of  pwS'-cn' 
pasclce  from  6xed  tissae-celts  has  not  so  far  been  donio 
etratcd,  this  failaro  does  not  preclade  the  occnrrenco  in  t 
latter  of  other  progre«aive  changes.     As  a  matt«r  of  fj 
regenerative  processes  occur  often  enongh  later  on  (w' 
any  of  the  oells  going  to  form  the  aiTccied  part  bare  ;  ij 

daring  the  inflammation) ;  and  these,  as  yon  will  hear  p 
sently,  hare  their  origin  in  the  fixed  tif^sue-eltnieots.  But 
we  disregard  such  processes,  which  after  all  are  to  a  oe 
extent  accidental  concomitants  of  iotlammation,  the  prospect 
of  proving  the  occurrence  of  progrensive  cellular  cbmngcs, 
directly  iudocod  by  the  inflammatory  irritant,  appo&ra  doabi- 
ful  enoagfa.  Uore,  too,  the  cornea  chiefly  has  boon  praamd 
into  service.  The  corneal  corpuscles,  aocordin|r 
— «nd,  following  him,  many  other  authors— 1' 
tractile  in  consequence  of  the  irritation  ;  and  some  of  thm 
are  transformed  in  inflammation  into  larga  ■■ 
nwstear  protoplaemio  masses.  Now  1  will  e<  i 
the  histological  controrersy  m  to  whether  the  oomeal  co 


•  Bdttclier. '  Vireh.  A..'  Irtii.  ^  363.  Ixli.  p.  ^69- 
+  Cohnlxnm. '  Vircli,  A.,'  si,  jt.  65,  Ui,  p.  :■ 
Iv,  p.  39!^ ;  Tolnim,  (inwfe'« '  An-h,  f.  Ofilith., 
■achangen  tui  drm  patI>ol.  Inut,  in  Zfxricb.'  llrfl  1,  ]>. 
t  B-  Striokn,  '  tjtqtlieu  uin  J.  Invt  f.  up.  Vnt^ 
vKiioiu  papsB  in  tbs  '  Wisa.  ated.  Jshrb,  *  biu«  iS;i 
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:ile»,  i.e.  the  well-known  Rt«T>s1mped  figuroa  in  the  cornea, 
ally  ropnewnt  rellg  or  whether  thoy  are*  morely  gpaces,  ns 
*Id  by  Schweipjrer-Seidel  ;*  I  prefer  to  occnpy  the  stand- 
it  of  ihtysfi  who  have  no  donbt  as  to  tliocellalarcliaractor 
these  fif,itrc«.  Kvon  so,  it  may  properly  bo  objected,  in 
>pofiition  to  Strickor'a  viow,  that  the  protoplasmio  masses 
quvHtion  liavo  ariMn  oat  of  the  pus-corpuscles,  presumably 
iron^'h  the  coatesccuCG  o(  serentlof  them,  and  have  nothing 
ihatcrer  to  do  with  tbiB  corneal  corpUHclos.  Yet  the  con- 
ity  bns  received  further  support  from  another  author, 
j,t  *ho  injected  carmine  into  a  cornea,  without  the 
Jnoo  of  tiny  inHammation  worth  mentioning,  and  after 
«  time  found  red,  rarmine-eotoured  giant-eetls  ;  while  imme- 
diately after  the  injectiou,  the  star-shaped,  corneal  corpuacleB 
vera  those  chiefly  stained  by  tho  carmine.  Does  not  this 
simplo  and  ingcnioas  experiment  plainly  spoak  for  the  do7o- 
lopment  of  ginnt-celln  out  of  corneal  corposcles,  and,  hy  con- 
Bcquenco,  for  a  greatly  incroaf^ed  growth  of  the  latter,  an 
exquisitely  progressire  change  f  I  sfaoDld  UDOonditioDally 
rer  in  the  nfflrmntive,  had  not  SenftlobonJ  shown  that 
it-cells,  the  tr.ract  '■onntfrparts  of  these,  arise  ir/ien  cartniiie 
injected  ijit4  the  eornea  of  the  dtad  rahbxt,  and  the  ccrti^ti 
iirodiired  into  the  tthtlominal  <-nfiti/  of  a  living  one.  Despite 
dtfiiciilty  on  a  }>riori  grounds,  it  is  again  (as  this  re- 
ible,  but  invariably  aocceesfnl,  experiment  shows)  the 
foAmrleM  corpuscle*,  which,  by  penetrating  into  the  dead 
cornea,  and  undergoing  further  changes  there,  give  rise  to 
theao  protoplaamic  massee  resembling  giaut-cetle  ;  and  if  they 
can  ncnomplish  this  in  the  dead  cornea,  one  may  surely  credit 
>m  with  it  in  the  living.  This  fact  will,  I  think,  make  yon 
all  times  suspicious  ;  you  will  be  inclined  to  an)c  whether 
be  I'oniractile  compound  corpuscles,  into  which,  according 
E'opoff^i  t'lfti  ganglion-cells  of  tho  brain  become  metnmor^ 
in  inflammation,  are  not  also  the  offspring  of  extr&- 
Yantod,  rolonrlo^s  blood-corpusctcs ;  and  yon  will  agree  with 
i,  I  hope,  if  I  sum  up  tho  results  of  our  discussion  as  follows : 
ifc— Icarini?  ont  of  account  regoneratiro  prooesscs — -jiro- 
*  >^  ',  '  ArK  »w  d.  UijA.  phjn.  A»L,'  i86g. 

+  ^''  ,'  \iir,  p.  113. 

'i>cn. '  Vtrcli.  A.,'  Ixxii.  p.  54a. 
J  .  ..,..,::,  •  \*irch.  A.,'  Uiii.  [u  43t. 


292 


gresnive  change*  in  the  JfvKtMM^Za  of  ui  inflamed  part  are  inc 
possible,  but  tbat  their  or-nvrreure  has  not  up  to  the  yreaent  hem^ 
establithed  beyond  thult. 

But  we  maj  tlispeoso  witli  all  this,  if  we  bold  fast  tlio  oou- 
viction  which  was  directlj  forced  apon  as  hy  oar  Bxperimeats 
and  refieclions— naTDolr,  that  ioBftiDmation  is  the  ezpreMioa 
and  consequence  of  a  nutlecular  alhrotion  in  tho  ventel  teaJU. 
By  it,  adhesion  between  the  vessel  wall  and  the  blood,  and 
in  oonaequeucd  friclioo,  is  iacroased;  the  result  is  tbu  rttnr- 
daiion  of  the  hlwd-strtam  within  the  inflamod  district, 
iho  other  hand,  the  p&rmeabilit^-,  the  poroDBuess,  of  the  watt 
is  augmented  by  the  molecular  chan^^u ;  the  result  ia  an  ii 
crease  of  traiiaudatum,  and  of  the  aibumtnotu  c^Uentt,  it»  wJ 
<M  the  admixture  of  colourUia  and  red  btood-corpuxJea  vt'fl 
X/ie  tranmtded  fluid,     Tbat  the  friotion&l  resistance  in 
vessels  is  actually  increased  in  inflammation,  a  glance  ihrougl 
the  microscope  most  conclusively  proTOs.     If  no  mechanirii 
impediment  bo  present,  either  in  advance  of,  or  behind,  tl 
inflamed  vascular  area ;  if  arteries  as  weU  as  Toins  be  widi 
and  thoroughly  pervion!;,  and  at  tho  same  time  the  bloc 
hare  preserved  its  normal  constitution,  how  is  a  retardatioi 
of  the  blood'Stream  possible,  except  as  the  result  of  iii< 
frictional  resistance  on  the  part  of  the  vessel  wall  7     Moi 
over,  the  greater  permeability  of  an  inflamed  vessel-wall, 
compared  with  a  normal  one,  is  also  susceptible  of  dJi 
proof.      It  was  formerly  said,  indeed,  that  the  vascular 
bad  become  brittle,  more  readily  ruptured;  and  it  was  so| 
posed  that  the  occurrence  of  punotifonn  fasBmurrhagea 
be  referred  to  this  condiLiou.*    This,  of  course,  is  incorrect, 
wo  now  know  ;  the  hoimurrhages  arise  by  true  diapedeaia,  aad 
not  by  rupture  of  the  capillaries.     Indeed  the  intonuU  cob«- 
sion  of  the  latter  appears  to  be  compleLoly  unchonpi.'  ' 
can,  without  rupturing,  sustain  during  artilicial  inji< 
same  pressure  as  normal  vessels.     On  the  otJier  hand,  the  (i 
flamed  vessel  walls  permit,  as  WiniwarU>rt-  has  proved,  tl 
passsige  of  a  colloid  liquid — a»  for  example  gt^lnlint^solnttu^ 
^-nnder  a  lower  preasare  tliau  do  the  walls  of  normal  vt 
which  denotes  simply  an  increase  in  tftrir  ]>  ■ 

*  Kum.  '  Or  lit  VMcal&rit^  vt  ilo  rinflaiuutxtiof),'  ^ 
t  WiiiiwwlCT.  ■  Wieo.  akad.  Sli«»b./  18:3.  Bd.  I 
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Oar  knowledge  is  at  present  too  imperfect  to  allow  of  our 
>tiiiiiig  more  precisely  the  natnrc  of  this  alteration  of  the 
si  wall.  That  anatomicftl  changes — such  changes,  that 
to  say,  as  are  recognisable  by  our  optical  appliances — fihould 
be  at  the  root  of  it,  is  obvionsly  unnecessary ;  and,  nt  any  rate, 
no  mch  changes  hare  so  far  been  dotnonstrated.  For  to  nay 
nothing  of  the  alleged  multiplication  of  the  naclei,  ]  cannot 
r^ard  aa  particularly  liappy  the  statements  of  Jul.  Arnold* 
•ooording  to  which  the  natural  stomata  between  the  endo- 
_tbelial  cella  dilate,  or  new  stomata  and  stigmata  form  in  th« 
Itercellular  cement.  The  objections  raised  to  the  stomata- 
rpothesis  in  connection  with  venous  stagnation  Apply  here 
if  the  corpuscles  really  passed  through  such  large  open- 
ings, it  would  not  be  possible  to  conceive  why  the  Buid  por- 
tion of  the  blood,  the  plasma,  should  not  more  easily,  and  at 
an  earlier  period,  also  poKs  out.  Now  the  fluid  of  the  ia- 
Itammatory  transudation  is  in  no  sense  plasma,  and  if  wo 
»glect  the  fibriu,  not  even  serum  ;  in  spite  of  its  coucentra- 
>n,  it  is  greatly  inferior  to  tho  blood  serum  in  point  of  solid 
Tosidue.  The  inflammatory  product  is  a  true,  gennine/Zfra/o; 
r.  e.  a  floid  which  has  passed  through  the  actual  pores  of  the 
filter,  and  not  through  aperturen  in  it.  The  process  of  in- 
Hammatory  exudation  may  be  best  compared  to  a  filtering 
process.  Tho  ordinary  filter,  the  normal  ressel  wall,  permits 
the  passage  of  only  a  small  quantity  of  a  modoratt^Iy  concen- 
trated fluid  ;  substitute  a  filter  with  coarser  pores,  and  not 
j)y  will  more  wat^r,  but  more  colloid  substance,  flow  through, 
-the  latter  botli  in  solution,  and  in  the  shape  of  formed  ele- 
ments, the  blood-corpuscles.  For  the  extravasation  of  the 
blood-corpuscles  is  also  a  mere  process  of  filtration,  as  Heringf 
was  the  first  to  aonouuce.  Thu  exit  of  the  colourless  celts 
does  not  depend  on  spontaneous  movements,  aa  I  myself 
prmerly  supposed,  and  as  is,  oddly  enough,  still  maintained 
y  Binz|^  and  other  writers.  Fur  on  iuterruptiug  the  flow 
in  any  way,  e.  g,  by  compressing  the  principal  artery,  all 
farther  extravasation  ceases  instantaneously  and  completely, 

•  J.  AraolJ,*Viwli.A.,MTiii,  pi).  soj,  sji.lxii*  ]>ii.  157.  ^Sj,  Imri,  p.  77, 
^viii,  r-  4^,  ■  yo4. '  Vireli.  A.,*  U».  p.  1^*4. 
t  H 

:i    A..*  lU.  p.  393. 
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although  previoasly  iho  most  active  emigratioD  had  been  oX 
sorvDcl  in  tho  vessel : — kUHouI  presmrc  no  nnigratvm.     On" 
the  other  hand,  it  is  not  a  rise  oF  prassarc  iliia  foraeti  tbo 
blood-oorpascles  throogh  the  Teasel  w&lU,  not  ovon  cd  lb* 
case  of  the  red  ones.      For  not  only  is  there  no  rise  bnt  nett 
ally  B/all,  in  tho  tcsboIs  of  an  inflamed  part ;  and  certainl/^ 
if  the   normal   prcsenre   cannot  force  tho  blood-corpuaal 
tbroDgh  healthy  vessels,  a  lower  one  cannot  do  so.     Jnilf 
even  in  vcaaola  whose  walls  have  been  altered  by  inflamma-^ 
tion,  a  rise  of  pressure  may  check  extravasation,  when  it  co- 
incides with  an  increase  in  tho  velocity  of  the  stittani.     To 
tbis  it  is  to  bo  ettribntcd,   I   think,  that  inflaramoAions 
vont  to  ran  a  more  favorable  coarKo  after  dtvisioD  of  tl 
vasD-motors  concerned  ;  as  was  long  since  eslablisbed  for  tb< 
rabbit's  ear.      ^Vnd  that  tho  milder  coarse  is  raally  attribat 
able  in  the«e  cases  tu  the  augmented  velocity  is  taught  mt 
beantifolly  by  an  in^ammation  experiment,  in  which  the  blood 
is  greatly  diluted.      If  you  inject  into  tho  v.  abdominalis  iif 
the  frog  a  o'6  per  cent,  solution  of  oocimou  salt,  by  uoai» 
of  a  Pravaa's  syringe,  the  velocity  of  tho  blond-Ktreatu  will 
be  increased  exceedingly — a  point  to  be  disrussud  lau-r  vm. 
Now  lay  bare  the  mesottiery,  ormakea  wound  iuthe  Cmigno 
and  yon  will  find  that,  tliongh   inHamniation  sets  in,  a  muc 
longer  time  must  eliipso  before  the  "pavementing  "  nad  il 
extravasation  of  the  blood -rorposrles  occnrs,  and  that  the 
latter  is  iusigniiicnnt  in  amount  while  tho  accelerafekin  of  i 
stream  continaes.* 

Bat  tho  stomatfl-hypotheais  is  also  deficient,  in  thatH 
to  explain  the  hyjm'semia  and  the  tttanltttu'u  nf  thf  «(rei«i 
which  as  you  know,  6et  in  as  far  back  as  the  nWmVj'  of  al 
inflamed  part.      For  tlie  iuilammutory  cliuoge  in   the  tc 
wall  is  of  such  a  nature  aa  to  occasion,  lirstly,  at«ny  of  tlut- 
muscular  coat,  and  then,  at  tho  same  time,  an  iocniase  'itjH 
frictional  resistance  and  of  permeability.      Tme,  there  U,  i^H 
the  abstract,  nutbiug  to  prureut  the  occarrence  of  an  incnaiae 
of  permoability,  aa  the  result  of  some  proocr-  —  —'i--  — -^ 
out  any  aocompanyiug  augmentation  of  tlie  ■ 
ance;  and  Kimilarly  it  is  qaito  conceivable   that   iha  ioUi 
should  in  certain  circnmstanoet  be  increased,  while  ibe 
*  Cr.  TlMins.  •  Tinli.  A.,'  Uii,  {>,  i. 
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ousDUS  of  ibo  vessel  walla  coDtinucs  nn&ltcrcd.     But  in  in* 
latnniation  evcrvtbing  appears  fco  me  to  point  to  a  nmnltaoe- 
118  and  uniform  int'reuo  of  both  factors.     While  the  blood 
Dtiaues  to  flow  with  iocreaseil  velocity  throngh  the  dilated 
ee»oU  there  is  do  iacrea«e  of  transudatioo  ;  and,  converaely, 
udatioD  is  most  copions  when  the  blood*streBtu  is  glowed 
KQch  an  extent  that  stagnation  is  every  mooiCQt  impend- 
ing.     Indeed  it  is  by  no  means  clear  whether  snch  an  Bmonat 
of  change  as  causes  the  death  of  the  vessel  walls  might  not 
augmunt  their  permeability  to  the  most  extreme  degree  iios- 
abie;  since,  as  wu  furmerly  saw,  the  blood  does  not  pene> 
(!r»te  at  all  into  the  dead  vessels  owing  to  the  excesaive  re- 
aiatanoe,  while  whatever  blood  is  alroudy  witliin  them  very 
<]iiickly  coag'ulates,  no  that  all  chance  of  any  transudation  is 
for  other  reasons  excluded  from  the  first. 

Snob  being  the  state  of  affiairs,  the  idea  mnst  logically 

present  itiielf  tha4^  it  is  an  alteration  of  sabstance,  a  change 

of  a  ehtmical  rharaeier,  which  is  undergone  by  the  vessels  hi 

infiammatinn  ;  and  that  this  induces  the  characteristic  circu- 

lory  dietarbances.     The  mode  in  which  J.  Arnold*  has  last 

rmolated  his  stomata- hypothesis  is  no  longer  inconsistent 

I     ill  priuc-iplc  with  this  \new.      For  he  now  supposes  the  cement- 

^^bbatance  of  the  vascular  endothelium  to  be  compoaed  of  a 

^Biudf  or   at   most   tenacious,  mass,  which   in   inHammation 

^IbeDomes  less  coherent  (i. «.  experiences  au  internal  change), 

I     and  grows  to  he  abnormally  permeable.      Arnold,  accordinglyj 

lays  stress  exclnaively  on  a  change  in  the  cement'Snbstance  ; 

and  for  the  reason  that,  in  infuston-experiments  with  dissolved 

and  corpDscular  coloaring  matters,  he  has  always  observed 

and  traced  the  transit  of  the  latter  in  the  linos  of  cement 

^alone.     To  nic  these  experiments,  however  interesting,  appear 

^Kk>  inconclusive  to  justify  one  in  entirely  disputing  thepossi- 

^^ility  of  a  filtration  through  the  endothelial  plates.      But  not 

bo  dwell  any  longer  on  this  point,  1  am   far  from  oblivious 

tbe  fact  that  the  designation  I  have  chosen,   *'  a  change 

micul  niiture,"  is  a  very  indeSnite  ono  ;  but  if  it  bo 

imposHihle  to  dcBne  this  alteration  more  precisely,  w« 

pathologists  Ehunld  in  truth  suffer  no  reproach,  in  view  of 

e  obscurity  in  whioU  even  the  physiological  process  of  nor- 

•  Ct.  in  pftrtirutur  Aninld,  •  TUch.  A.,'  Ixri,  p.  77. 
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mal  transadatioa  is  so  far  enveloped.     Ko  one  lias  ap  to  Uie 
present  been  able  to  Bpecify  the  cstiseB  on  which  the  diffcrant 
chemical  cotnposiiion  of  the  transudations  uf  various  regioDs  ^^ 
depends;  no  one  knowa  with  oertaintj  why  the  ploaral  or  ^H 
pericardial  vessels  j-ield  a  transadalion  so  much  more  cod-  ^^ 
centratcd  than  do  those  from  vhich  the  cerebro -spinal  fluid 
is  derived.      Krer;  day  furnishes  some  new  and  eurprising- 
testimonyto  the  importance  of  the  vessel  walla  aaintlaeDcinp 
the  course  of  the  vital  phenomena,  and  to  tho  livoHucs^  with 
which  they  react  to  all  sorts  of  infiuonces.     That  hy  their 
action  the  vascular  Inmctt  can  bo  narrowed  or  dilated  is  a  fact 
with  which  we  have  Ion{^  ago  familiarised  ourselves ;  and  we 
have  learned  to  reckon  with  it  in  physiology  and  pathology. 
Since,  however,  it  has  been  shown  in  Lndwig's  laboratory,* 
that   a  cottcentrated  lymph   is  formed  in   curarirfd  nnimaU, 
should  not  our  attention  be  directed  by  this  discovery  to  an 
altogether  different  side  of  the  relations  existing  between 
vessel  walls  and  blood-stream  P      When,  on  iujecling  a  aolo 
tion  of  cnrara  into  a  vein  of  a  dog,  wo  immediately  tt»  tho 
skin  beoouie  reddened,  wo  experience  no  particular  surprise ; 
for  we  are  accustomed  to  ascribe  to  curare  a  paralynog  or^ 
too,  an  exciting  action  on  the  vaso-motor  nerves.      Tlie  poison 
cannot,  it  is  true,  influence  the  transudation  fay  this,  its  well 
known  capacity  ;  but  why  should  it  not  be  capable  of  actinfr 
on  other  constituent  parts  of  (ho  vessel  wall  as  well  as  on  tha 
nerves  of  its  mnsculaturc — -why  not  directly  upon  such  p«rt* 
as  bring  about  transudation,  even  though  thefie  be  still  on' 
kuown  to  ns  ?      It  ig  possiUe  that  nerves  are  the  nguntu  faer» 
also,  or  at  least  that  they  may  intluence  the  procetis  of  tnuisa- 
dation.      Thishas  long  been  established  forannmberof  sccrt- 
tious,  and  more  recently,  by  OstroumofT's  expentnent,  for  ii 
vessels  of  the  tongue   (cf.  p.   141).      There  are  somo  ad' 
tional  facta  which  speak  very  forcibly  in  favoar  of  aoa 
in  the  nerves  to  inQuence  other  properties  of  the  tobmI  wall 
as  well  as  its  contniotile  power,  namely  the  rapid  dcYelopiaeaft' 
of  oedema  in  tho  pamlysod  limba^  so  often  observed  in  aenU 
myelitis;  t  and  the  discovery  of  Gergens^  that  the  blciod-TMMl* 

■  PuohutiD,'B*r.d.Le;pt.Q«a.(].Wttfaci.M»Ui..'  Pbfi-in^si— s,  1 

t  LajdMi,  *  Elinllt  Jcr  RdrlnniMrkskruikbtttm,*  Bd.  it,  p.  173. 

X  QargvDS, '  Vtiig.  A..,'  xiii,  p<  $91.    On  icptstlog  th«M  npcriiiMab 
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of  (rogR  allow  a  larg'er  qoautity  of  6uid,  aud  ereu  particles  of 
u  granular  coloaring  matter,  to  permeate  through  them  after 
destrnctiou  of  thu  spinat  cord.  Who  would  to-day  hazard  an 
opiaion  as  to  whether  a  Kpecilic  uoi-vous  apparatus  of  this 
kind,  iiituated  in  the  veR^al  wall  itself,  may  or  may  not  co- 
openito  in  ioflammatioii  also  ?  Besides,  we  have  not  to  do 
hero  with  anything  of  a  novel  character,  of  a  natnre  abso- 
lately  foreign,  on  whose  appearance  the  inflammatory  transu- 
dation is  suddenly  yielded.  The  ease  resembles  rather  the 
eontraat  between  health  and  disease ;  between  the  normal 
drcaUHon  and  the  inflammatory  circulatory  diatarbanco  there 
mre  all  imaginable  gradations.  Not  only  docs  tho  quantity 
and  concentnition  of  tlie  fluid-transudation  ahow  such  gnkdoal 
inoreaacs  that  it  is  altogether  arbitrary  whether  certain  degreoa 
cfaoald  be  referred  to  inflammation,  or  recognised  as  within 
the  limits  of  health ;  the  extraravation  of  the  corpuscular 
olements  of  the  blood  presents  the  like  gradations.  In  certain 
«mrly,  embryonic  stages  of  animal  development,  the  emigra- 
tton  of  coloarless  blood-corpuscles  appears  to  be  a  perfectly 
rvgotar  and,  withont  donbt,  important  process.*  In  tho  great 
majority  of  tho  areas  and  i-ogiona  of  the  folly  developed  and 
completely  grown  individual  no  such  importance  attaches  to 
it ;  bnt  this  of  course  in  no  way  precludes  tho  possibility  that 
on  individaal  white  cnrjiusclo  may  now  and  then  transude 
ftomewbere  ;  still  less  doeiiit  negative  the  idcu  that  the  vessels 
of  cert&in  organs  may  from  the  first  be  so  contrived  as  to 
allow  of  a  physiological  transudation  of  corpuscles.  We  shall 
noi  be  over  rash,  I  think,  if  wemalce  such  an  assumption  in  the 
case  of  the  lymphatic  glands,  the  spleen,  the  medulla  of  bone, 
and  also  the  liver ;  wliile  as  regards  the  rod  corpuscles  we  have, 
in  the  circumstance  that  they  are  almost  constantly  met  with 
in  the  cbyle-vesaels  of  the  mesentery  during  digestion,  an 
nnmiitakable  sign  that  blood-corpuscles  may  extravasftle  from 
the  capiUanes  of  the  iutestiual  mucous  membrane  during  the 
jihy»iotog{ral  variations  of  the  circulation.  But  with  a£fairs 
tn  this  state,  it  seems  to  me  that  any  endeavour  to  aet  up  an 
exbauativo  hypothesis  as  to  the  esiseuco  of  the  inflammatory 

tha  bsttlQte  brraRatiinejrerwiiaiinable  todet«nuui«tbeexu4eDC«of  differ- 
taet*  ••  gwat  aa  ihcm  fotrnd  by  Q..  *  A.  (.  exp  Path..'  liv,  p.  393. 
•  BarJtliu^baaatn,  ia  Strtektr'*  '  Gew«beUhrp,'  p.  349. 
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changes  in  ilia  tpsscI  watls  would  not  merely  bo  usslcss,  tmi 
OTon  catcnUled  to  render  tbe  fntaro  eolation  uf  Ihu  riddla' 
mora  difiicuJi. 


Prooi  iliB  standpoint  wy  arrivod  at,  the  qiftstiou  as  to  tbi 
rauws  vf  iitjiammalii/n  may  aXao,  I  tliink,  be  mast  stmplj 
settled.  For  every  agency  by  which  th«  chemical  ctm$tituii 
0/  the  vestel  tPttllM  ia  al  alt  nUervii,  uiitl  vrliich,  on  thu  oUui 
band,  is  not  so  powerfnl  as  to  bring  aboat  the  doncb  vt  tb< 
vessels^  mnst  be  calculated  t«  pniducean  inftnmmaiiini  uf  ihi 
part  i)f  tbe  body  concprned.  Accordingly,  as  1  may  at  an< 
remark,  a  class! fioatitm  of  inflammation  from  an  i>tio1o|pi 
point  of  vien  cannot  be  exhanstire.  It  is,  indeed^  an  ddj 
everyday  experience  that  different  canscs  may  prodaco  ifal 
same  effect — an  expcricuce  wbich  was  fnlly  bonie  onl  by 
introductory  experiments.  No  ditMimilarily  in  Ihtt  pnctm 
arisesoutof  tliisdiversityin  lliecausativonoxie.  Aaor-^ 
of  epidemic  origii)  is  the  same  process  as  a  mMiingi 
lowing'  tbe  rupture  uf  an  abscess  of  tbe  bmin  ur  an  injury 
the  skull  J  and  an  epidemic  erysipt-lns  does  nut  difftT  in  kint 
from  one  caused  by  tbo  prick  of  a  poisonous  insect  or  a  bui 
of  slight  degree.  Only  graduated  differences  exist,  and  tUcsa  ^ 
depend  on  the  intensity  of  tbe  noxa  at  work,  not  on  the 
esaeutial  nature  of  tbo  process.  Bnt  even  were  wu  to  In 
ourselves  to  eetablisblng  nn  only  partially  exhaustiroj  so 
speak,  casviftic'ilf  etiology  of  inflammation,  this  pniblnn^ 
would  probably  be  impossible  of  solutiou.  For  it  is  mnc 
easier,  us  yon  will  doubtless  perceive,  to  say  under  what  cir« 
onmstances  any  agency  does  not  bring  about  iufiammalioo, 
or  ceases  to  bring  it  about,  tlian  to  formnlnto  tboso  cbi 
teristio  peculiantirs  whicb  an  a^ncy  must  poMOHa  in  ordi 
to  canse  inHnmmntion.  One  must  bo  content  with  tl. 
meiit  that  every  foreign  agency  out«ide  tbe  iimiUk  vt  ,-'•_;> 
logical  conditions,  between  wbicb  and  the  vessels  tberu  ia 
action  and  reattiuu  for  a  sufficient  period,  way  C' 
a  cause  of  inllainmation,  ihougb  this,  it  in  '-v- 
as  yoo  will  notice,  to  uulhtng  muru  than  m  1  . 
tion. 

Although,  with  matters  iit  this  slate,  wr  -■ '    '^  -■ 

onraelvos  into  beliuviug  that  tbe  dumain  «f 
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inOammafcion  is  limited,  and  must  adroit  tliaC  new  cnoses  may 
lily  originato  and  be  dii«covered,  it  n-jll  neTertheless  appear 
you  Hdvantagcoas  to  discuss  briefly  saoh  of  tbcm  at  least 
iM  are  more  commonly  met  with,  and  are  therefore  of  greater 
practical  importance.  The  varieties  of  inflammation,  with 
rhich  we  became  ncquaiuted  in  oor  iotrodnctory  cxperi- 
it«  were, — in  addition  to  protracted  isclifflmiaj  which  in  the 
natural  course  of  things  can  perhaps  hardly  occor, — two  in 
imber,  namely,  inflammation  duo  to  the  action  of  extremes 
Icniperatrire,  i.e.  inflammntion  from  nealding  or  freezing  ; 
the  form  dao  to  chemical  action  which  we  commonly  call 
tinrtf  the  processes  themselves  beiof^  known  as  t-nxie  in- 
trnmatirmt.  To  this  category  belong  ihe  direct  corrosions, 
hother  canned  by  the  application  of  a  canstic  or  by  the  in- 
)u1attou  of  a  poisonous  snbstance,  by  the  bite  of  an  insect, 
example  :  other  examples  are  the  gastritis  following  the 
>n8aupttou  of  large  quantities  of  alcohol  or  other  poison, 
)d  the  myositis  due  to  the  entrance  of  trichini  into  the  mus- 
Icm.  In  the  same  category  mnst  be  placed  those  processes 
rhich  certain  injurious  Bobetances,  having  become  incor- 
in  the  organism  or  arisen  within  it,  either  accumulate 
inite  localttiett  or  are  there  excreted,  and  in  this  way 
prove  most  obnoxious  to  the  vessels  of  the  part  in  question ; 
examples  arc  afforded  by  stomatitis  after  the  use  of  mercory, 
catarrh  uft<>r  iodine,  nephritis  after  cantbarides,  at)  well  as  by 
arLbritis  in  the  gonty.  But  the  domain  of  the  toxic  intlam> 
uintion  In  a  broad  sense,  t.  e.  of  inflammations  called  forth 
by  cheniicat  action  on  the  vessels  itf  a  part,  is  much  more 
extensive  still.  For  unqnestionably  to  it  belong  all  inflam- 
mations i-nnsed  by  abnormal  changes  in  the  composition  of 
flnidn  or  tif^Hucs  in  crmtact,  or  coming  into  contact,  with  the 
vCMoIs.  We  must  include  here  the  stomatitis  or  gastritis  due 
to  abnormal  fermentative  decomposition  of  the  constituents  of 
jlw  food,  which  is  known  to  \m  especially  frequent  in  children 
the  breast ;  the  peritonitis  following  perforation  of  the  in- 
illtko  with  thL>  fhfupu  of  docompusiujf  »nd  polrid  matters 
to  the  perituucB.1  uuvity  ;  the  su-caJled  metA&tatic  abscesses 
which  are  developed  round  puriform  emboli;  and,  above  all, 
inflammaiions  t'ocurriiig  around  ihud  jtaria.  For,  around 
r*  infUunmatiuu  ULVer  fails  Lu  ajipear,  although  its 
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intensity  is  liable  to  vary  eitremely.     Shonld  any  oE  yoaj 
howeyer,  imagino  that  this  factor  plajs  a  suborditmte  part  ml 
tb«  organism  and  scarcely  deserves  to  be  raeDlioued  nmODg^l 
the  tnost  important  causes  oE  indamraation,  I   believe  tbat, 
witbout  anticipating'  here  the  more  miDuto  discussion  of  local 
aecro«ia  to  follow  later,  I  can  refer  }'oa  to  a  few  poiatSj  wbich 
seem  to  me  well  calculated  to  place  tba  importance  and  fre- 
qaeucy  of  local  death  of  the  tissues  in  a  proper  light.      I  dol 
not  desire  to  remind  you  how  frequently  we  hiivo  already 
met  with  necrosis  following  local  distarbanoea  of  the  circula- 
tion, for  at  present  the  fact  thai  the  vmI  majority  of  Iraumalt 
mvnl   nfcw^ciW/y    briny    in   their  train   a   localised   dratht  f*J 
greater  or  lesv  extent,  it  much  more  dfterving  of  ecnrideralic 
When  a  forei^  body  enters  an   organ,  not  only  will  tbt 
tissues  through  which  it  has  forced  its  way  mcirt.ify,  bnt  alsaj 
(bo  layer  of  tissne  immediately  sQrroanding  tho  spot  whei 
it  is  lodged.     If  you  make  a  cut  or  tear  ihrongli  any  part  o( 
the  body,  tho  portions  coming  into  direct  contact  with  thi 
catting  instrument  will  certainly  nndergo  mortificalioD.     1( 
yon  crush  any  part,  or  apply  force  with  a  blnnt  instrnment, 
either  the  effect  will  not  exceed  the  limits  impoaed  by  tti4 
elaatioity  of  the  tissne,  and  then  the  violence  Is  perfootlj 
harmless,  or  some  minute  portions  are  injured  beyond  reoovf 
nnd  perish.     The  same  npplies  in  a  still  greater  meacoM 
the  combination  of  concussion  or  oraBbing  with  laceration,] 
in  ordinary  fractures  of  bono.     Lastly,  when  a  part  of  the' 
body  iy  deprived  of  its  protective  coverings,  it  is  hardly  pot*, 
oible  for  the  appormost  layer  to  withstand  the  uunataral 
Bucaccs  to  which  it  is  exposed  ;  it  dies — a  fact  which  baa ' 
directly  proved  in  the  cose  of  especially  sensitive  tissnesi  «••■ 
for  example,  tho  striped  rouEcles.     The  extent  of  tbo  necKui 
following  those  various  traumata  depends  on  several  aeccm- 
dory  circumstances.    The  tissue  surrounding  a  red-hot  foreigB 
body  will  perish  to  a  greater  depth  then  woold  be  tlie  cam 
with  an  iinhcated  one;  and  while  a  seteru  lira: 
ench  moriiQcation  of  the  alfectod  tissue  that  it  is  - 
oast  off  in  toto,  a  perfectly  sharp  instntment  may  ;- 
Buch  a  minimal  zone  of  necrosis  after  it  that  our 
to  detect  its  presence,  although  no  one  c*n  r*"* 
that  cells  which  have  been  cut  in  (wo  ta" 
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lowever  the  uecrosia  is  called  forth — and  you  will  booome 
acc{uaiDted  later  with  other  completely  heterogcncoas  causes 
— it  is  certain  that  nnder  all  circumstances  the  (lead  mass  ex- 
ritea  in  the  neighbouring  tissues  and  celts  abnormal  diemieal 
ekangos,  which  eoonor  or  lator  extend  as  far  as  the  nearest 
veweZv.  It  is  possible,  at  most,  that  iu  small  circumscribotl 
DCcroBSS  of  Don-Tascular  tisanes,  as,  for  example,  tho  oornca, 
the  process  may  remain  conBncd  to  the  non-rascular  district, 
and  may  never  reach  the  vesftela.  But  learing  Buch  oxccp- 
tional  casofl  out  of  account,  infiammattoD,  as  stated,  invariably 
«6ta  in  aronnd  nocrotic  parts.  Whether,  however^  it  is  limited 
in  extent  aud  severity,  or  develops  considerable  iutensity^ 
depends  in  the  first  place,  obviously,  on  the  dimensions  of 
Ihtt  primary  necrosis^  and,  iu  the  second  place  and  chiefly,  «>» 
tkt  ajipearance  ur  non-appearance  iu  the  dead  mass  of  ijH  uther 
tsptciallif  energetic  processes  of  decompQsition.  Hero  the  most 
important  factor  is  the  presence  of  lowly  organisms,  of  sehiso- 
vkyeetea. 

Ou  another  occasiou,whou  discussiugthopuriform  softening 
of  thrombi,  I  called  attculiuu  to  the  possibility  that  bacterial 
germs  may  arrive  in  the  human  body^  and  develop  there 
JDst  as  in  other  organic  substrata.  I^  however,  at  once  pro- 
ceeded to  lay  stress  on  the  fact  that  our  orgnnism  is  threnfc- 
ened  only  by  such  of  the  schizomycetes  as  cnn  maintain  lifo 
and  retain  the  capacity  for  development  in  presence  of  tho 
xaetaboliam  of  the  human  body.  For  this  reason  tho  true 
bacteria  of  putrefaction  are  innocuous  to  tho  healthy  animal ; 
nevertheless  this  ionocuonsness  is  quite  compatible  with  the 
facts  that  they  settle  and  go  on  developing  in  portions  of 
the  living  organism  which  have  pemhed^  and  hero  bring 
aboat  the  chemical  effects  charactcristio  of  thetn.  Heuce 
putridity  aud  putrefactive  decomposition  are  sometimes  ob- 
served to  occur  in  tissues  which  have  undergone  traumatic 
neorosis  ;  but  though  I  am  Ear  from  denying  this,  and  readily 
admit  that  very  severe  intlammaLious  are  developed  under 
the  intluenco  of  such  putrefactiou,  1  hold  that  the  putrufactivo 
organisms  play  in  traumatic  iutlammatiou,  just  as  in  tho 
)(t«ning  of  thrombi,  an  unimportant  part.  For  micrococci 
tile  iu  necrotic  portions  of  tissues  in  man  very  mnch  more 
IDonlly  thau  does  bacterium  termo  ;  they  certainly  do  not 
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excite  putrefaction,  but  are  never  absent  when*  it  is 
on,  and  are  thus  no  less  nbiquitoas  than  tlio  bort-cn'am 
Amongst  ibe  micrococci  also  there  are   certninly  different 
apecieBj  though,  with  the  optical  appliances  now  at  oar  cni 
TDand,  vre  are  not  oln-ajrs  able  to  disUnguisb  thetn  ;  amonf 
them  are  undoubtedly  some  which  are  capable  of  stutAining, 
the  competition  of  tbe  vital   mctalioHsm.      But  though  tb< 
micrococci  are  not  fiu  excluBi?ety  confined  to  dead  tieKOE 
there  is  no  donbt  thai  those  oonstituto  the  most.  farombU 
Boil  imaginable  fur  tlmir  t^ettlement  and  multiplication.     Tht« 
is  ahoffu  most  strilcingly  both  by  experiment  and  oxporionccU| 
An  extraTBsation  of  blood  inlhesubctitaneaua  ccUfiUr  liMuic 
or  in  the  abdominal  cavity  is  in  itself  ab»o1iit«>1y  innocnoas,^ 
and  is  never  subject  to  profonnd  decomponition.      It  han  bwi 
proved,  on  the  other  hand,  by  various  erporinienterR  that  floiil 
containing  micrococci  may  unhesitatingly  I»e  injected  nndoi 
the  Bkin  or  into  the  abdominal  cavity,  of  »  rabbit,  wi!-h»«i| 
any  pathological  effect  whatever.     But  to  the  extreme  danj 
attending  the  eimuUaneoaa  presence  of  micrococci  and  bltKMl^ 
or  bloody  transudation,  in  tbe  abdominal  cavity,  the  atten^ 
tion  of  snrgeons  has  only  a  short  time  since  been  oiUlcd 
Wegner,*  who  pointed  out  the  constant  occurrencv,  aodci 
anchcircuniBtaiioeB,  of  docompoeition  of  the  flnid  in  tbe  at 
minal  cavity.     For  the  decomposition  of  miiterinls  conUinrd 
in  this  cavity  never  fails  to  esoite  severe  peritonitis  ;  while  ibe 

eitravubation,  if  not  decomposed,  undorgoeii  Birapl' — 

though  it  may  be  elowly.      Similarly,  largo  qum 
indifferent  Hnid,  coniainiDg  micrococci  and  bacteria,  may 
injected  inte  the  bladder  withoat  any  reaction  ecuiing*, 
caoBe  a  soil  for  the  farther  development  of   the  bacteria  (i 
wonting,  and  they  are  removed  at  the  next  mictuntien.      6sl 
as  soon  as  yoa  introdnco  precisely  the  wime  mi--   - 
means  of  an  imperfectly  cleansed  cittheter  iut^t  u  -  r  » 

which  the  urine  has  been  stagnating,  the  stagnAnt  urtnv  al 
once  begins  to  undergo  ammoniai^l  fermentation.      [   ' 
alkaline  fennenlation  in  the  bladder,  there  Oike  plar 
tiMnes,  pari  paijni  wiih  tbe  gixtwtb  of  the  micrococci,  Ibi 
deeper,  chemical  changes  to  which  the  orgnntsm  mpaodsl 
inflammalion  ia  it«  mnro  violent  forms. 

•  yVfgtiiTt. '  LflogmUck'i  A.,'  n,  p.  fit. 
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Tbe  tliffereoce  in  tbe  course  of  in6atQmatioDS  around  dead 
irt«  willfiu  the  light  of  tlioso  oircumstances,  be  uuderstood 
ritliDut  further  cxpluuattou.     IE  the  urganism  succeeds   in 
j^arding  against  the  entrance  of  bacterial  gorms  into  the 
»cn>tic  portion,  there  is  no  verjr  active  docoui position,  and 
10  dead  tissue  passes  through  certain  harmless  changes,  to 
^hiob  wo  shall  have  to  turn  our  nttention  later — changes 
rliiob  are  not  at  all  calculated  to  produce  roach  effect  on  the 
*Ib  of  the  neighbDurhood,  if  for  no  other  reason,  because 
ley  are  slowly  developed.     Hence  it  is  that  we  rarely  see 
lything  more  than  a    very  slight  indaromation  nronnd  an 
ibolic  infarct  of  the  kidney  or  the  spleen,  while  decoinpo- 
tioD  is  commoner  in  hieniorrhagic  infarcts  of  the  Inng,  and 
demnreative  suppuration  ending  in  slonghing  is  more  fro- 
inentl.v  established  around  Iheiu.      But  herein  is  t-o  be  found 
k«y  to  the  interpretation  of  the  course  taken  by  the  so- 
iled tranmatif  iiiflaminations.     You  now  know  why  it  is 
tt  the  inllammatioo  utlonding  a  simple  fracture  does  not 
ceed  certain  moderate  limits,  and  why  after  a  so-called  com- 
fractnre,  i,  c.  one  associate*!  with  a  wound  o£  the  skin, 
911  proves  so  dangerous.      Vou  know  why  the  chances 
of  healing  are  so  much  more  favorable  in  subcutaneous  than 
in  open  wounds.     Jt  is  notj  as  was  formerly  supposed,  tbo 
■xdosion  of  air  that  makes  subcutaneous  wounds  so  harni- 
1ns,  ior  you  muy  force  considerable  quantities  of  ordinary 
air  under  the  skin  of  a  rabbit  till  tho  body  of  the  animal 
becomi'S  enormously  distended,  and  may  even  repent  tho  ex- 
it on  several  ^acccAsive  days,  after  having  on  cncli 
tension  previously  removed  tho  nnresorbod  air  by  pressure, 
rithout   phlegmonous  inHammation    setting    in.      Moreover, 
Teguor*  oondncted  air  for  roanyhonra  together  through  tho 
linol  cavity,  in  dogs  and  rabbitn,  without  a  trace  of  con- 
ivo  pcntonitis.     It  is  the  bacterial  germs  which,  meet- 
ing with  a  favorable  soil  in  those  portions  of  the  tissne  that 
hare  murtilied  in  consequence  of  the  trauma,  or  in  the  secre* 
le  of  wounds,  rapidly  multiply  there,  and  call  forth  euer- 
tic  decoupositious,  which  again  considerably  increase  the 
(tensity  of  the  inllammBtLOu. 
You  see  I  am  not  at  all  disposed  to  under* estimate  the 

■  Wej^ntr,  ibid. 
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importance  of  the  Bcliisoroycotea  io  traamatiu  ioBammatianv; 
on  tho  contrary,  I  even  hold  that  the  occasional  soTonif  of 
thoir  conrso  is  in  great  part  attribatable  to  the  aefcion  of 
bacteria.  Any  mora  far-roaohing  conclasion  ia  not,  in  my 
opinion,  bomo  oat  by  expcrtonco  ;  and  in  particnlar  I  r»- 
gard  the  attempt  made  by  Romo,  amongst  whom  Haetor*  baa 
been  dpecially  active,  to  embrace  all  the  trnumatic  intlaDimft< 
tions  onder  the  one  head  of  bacterial  action,  as  absolntely 
futile.  This  view  waft,  in  the  first  instancej  an  inference  from 
an  experiment  by  Zahn,t  who  observed  that,  on  laying  ban 
the  mesentery  of  a  frog,  inflammation  Failed  to  set  in,  whi 
care  was  taken  that  tbe  air  to  which  thia  mombrano  waa  ex- 
posed Bhonld  be  free  from  germs,  niieter  farther  lought 
establi&h  this  view  on  a  firm  basis  by  a  number  of  expen< 
mental  investigatioaB  carried  out  by  bis  scholars.^  ^ 
the  attempt  was  made  to  prove  that  subcataaeons  and 
injections  of  solutions  of  nitrate  of  silver  and  of  obloric 
zinc,  as  well  as  cauterisation  with  a  red-hot  ujetal,  caase  d( 
kind  of  inflammation  whatever,  and  that  inflammatory  changei 
are  only  set  up,  when,  simultaneously  with  the  escitor  of  in-1 
ilammatioa,  air  get  access  into  and  around  the  affected  tis«a(*. ' 
The  sDccess  attending  the  Listerian  method  of  operating  and 
bandaging  which,  it  iscUimed,  preserves  woonds  from  all  in< 
Hammaiion,  has  moreover  boon  appealed  to  and  spfH-intly  dwel 
on  in  snpport  of  the  view.  Now  with  regard  to  the  ox| 
ment  of  Zahn,  it  is  difRcnlt  to  reconcile  the  alh'god  renull 
with  the  fact  that  frogs,  unlike  the  highor  uuimHl)*,  do  a*A 
nsoally  react  to  the  application  of  putrid  fluids  or  solid  pat 
cles  by  violent  iufiammation  ;  and  at  any  rate,  ou  a  repeti 
tion  of  Zabn'sexperimeat.  in  my  laboratory  to  Broslau. 
failed  to  get  the  same  result.  He  foaod  on  the  eonlrwy 
that  inSamroalion  could  never  be  prevented  fnui'  "  ir  im 
in  the  meseatery  drawn  out  of  the  abdumiual   k  v  vcb 


*  C.  Hnrter,  'Allgnnmne  Cbimt^ie.'  I<eipuic,   187S,  p.  &;   *  DsotKfa* 
Seilvchr.  f.  Chir.,'  ix,  [>.  401 1  '  Grandriw  d.  Ckir.,'  LeipxiK.  i^J^'  ^  I. 

t  Zolin.  '  Zur  Lehre  V.  J.  EtitiuDdimir  und  Ki!i  I  '"    "    "  V-j. 

J  DMnbecak/Eifwrtim'tiuMuiUen  filler  inmii.  ' 
Arg.  nitricuin.'   I.-D.  >'   ■■■         '..    iS;0;    li.iii»^lit, 
dbar  parmebyinaUW  I1  .  .1   von  Cklorxnik.  [.-!' 
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wlien  tho  greatest  possible  preeantions  were  taken.  The  pro- 
oees  developd  in  a  strictly  topical  nay  ;  and  we  shall  make 
DO  inistalce,  if  we  regard  the  cirouni  stance  tbat,  after  the 
mesontory  is  retaoved  from  the  abdominal  cavity,  ita  vessels 
placed  iu  couditioDS  utterly  different  to  the  normal,  as 
}ing  the  actual  cause  of  the  inilsmmatioa ;  in  the  produo- 
tioo  of  which  it  is  not  improbable  that  necrotic  proceesea  in- 
liWing  the  surface  of  the  mesentery  also  participate.  Ac- 
>rdiugly,  Zahn  having,  it  would  seem,  been  deceived  by  an 
accident,  as  is  easy  to  understand  when  we  remember  the 
great  differences  iu  the  time  taken  by  the  mesentory  experi- 
ment to  ran  its  coarse,  1  must,  also  most  decidedly  dispute 
tlw  st&teraont  that  inBaumation  is  altogether  absent  in  the 
nmghboarbood  of  a  eaboutanooaa  eschar,  caused  by  the  action 
oC  corrosives  or  by  gangrene.  This  is  jnstas  Esrfromhotng 
trae  here  as  it  is  in  tho  case  of  an  embolic  infarct  of  the 
Bplisen  or  kidney.  Inflammation  is  present,  bat  may  bo  very 
trilling  in  character,  so  that  tho  cardinal  symptoms,  genomlly 
BO  conspicuons,  may  not  be  porceptiblo  throagh  the  skin  : 
bob  if  a  micmacopical  exnroination  be  properly  carried  out,  tho 
n»bi>r  and  lumor,  i.e.  the  Kone  of  fa>*periL>mic  vessels  and  of 
«xtruvaj)ate«l  blood<corpU8cles  cannot  escape  detectioQ.  When 
listerisn  dressings  are  employed,  the  circulatory  disturb- 
Kes  characteristic  of  inflammation  are  also  never  absent ; 
>agh  here  too  the  inflammation  is  a  feeble  and  very  super- 
fctal  one.  It  must  necessarily  be  so,  because  the  tissue  ele- 
ments lying  a  little  deeper  are  all  of  them  protected  against 
destruction  by  tho  antiseptic  procedure  s^d  the  conditions 
most  favorable  to  regeneration  therefore  secured.  Tho  same 
bolda  good  of  tubeutaneotu  ■woundi  :  the  formation  of  callus 
in  a  fracture,  of  the  cicatrix  after  subcutaneous  tenotomy  de- 
pends, as  will  presently  bo  explained^  essentially  oa  regenera- 
tive procesaea;  nevcrtlielesaitwonld  be  a  serious  error  wore  one 
to  claim  that  no  inflammatory  hypci'semia  and  inflammatory 
exodaiiou  take  place  hero.  For  that  which  is  absent  in  sub- 
cntaneous  wounds,  and  which,  in  open  ones,  is  kept  at  a  dis- 
tanoa  by  antiseptic  Ireatment,  ta  not  infiammaiion,  but  onlj/  that 
/oral  of  it  in  which  pus  is  pnuhtrfd.  If  these  two  things,  in- 
iUmnation  per  ae  and  pnmlent  inflammation,  be  carefully  kept 
distinct,  tho  difference  of  opinion  between  Uneter  and  his 
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followera  and  mmelrss,  at  oaee  beeomM  appmnmt.     We  re> 
gmrd  punilentinSsmnuitioBasbatonefonDof  tliopTOoe*!,  with 
whose  conditiona  weihaO  presentlr  hkve  to  occnpr  onrselTM 
more  closely ;  while  Hoeter,  on  the  contruy,  places  all  otfaer 
tennioatioDS  in  the  backgroand,  and  hardly  iibrialra  from  Um 
proposition,  "that  g«ntiio«  inflaamation  is  characterised  by  a 
teodeacy  to  fonD  pas."     Such  attandpoict  may  perliaps  ben 
t«Ili(nble  to  a  sargeon,  whose  stady  of  inflaniinatioD  is  based' 
ezclnsively,  or  chiefiy,  oathe  tratimatic  form  ;  especially  whoa, 
like  flneter,  he  is  disposinl,  in  accordance  with  an  old  de-i 
Enition,  to  maintaia   the  frharacttr  of  danger  as   becessaij  m 
inilammBUon.     But  an  addition  to  our  knowledge  of  the  in- 
flammatory prooess  can  hardly  accrue  from  a  Umitstiun  of  j 
this  kind.     In  direct  opposition  to  Hueter's  notion  of  the 
nniiy  of  the  inBammatory  prooeAS,  his  raonsdistio  theory,  wd 
believe  that  we  bare  gained  foronreelvea  in  rariona  directions 
such  an  insight  into  inflammation  as  conld  notoAberwise  havp 
been  attained,  by  employing  agencies  of  very  different  kinds 
and  endeaTooring  to  acquire  experience  as  to  their  mcido  otj 
operation — experience  which  has,  in  truth,  lost  none  of  its 
importance  throajih  the  fact  that  Hnotor  has,  I  regret  to 
Brty,  distorted  it  to  snit  his  monad-theory.     Moreover,  none 
hut  those  who  are  determined  to  close  their  eyes  to  the  facts 
of  internal  medicine,  and  of   palhological  anatomy^   coold 
accept  a  doctrine  which  insists  that  the  termination  in  Uw 
formation  of  pns  is  the  indispensable  criterion  of  every  gran* 
ino  tuflammation.      Is  there  not,  amongst  those  very  inflaoih- 
matioos  whose  dependence  on  bacteria  cannot  reasonably  be 
doubt'ed,  namely,  the  in/V<:<ti>B  inflamniations  next  to  be  dis- 
cussed, a  considerable  number  whose  prodncis  nov^  preseat 
the  cbaractors  of  pns  P 

This  brings  ns  at  once  to  the  so-called  iiifieHw$  tiiHainma- 
tions.  By  tho  term  mfeelim  dwsoMw  we  vndezstaBd  (paaiing 
orer  non-eescntial  choractent],  anch  diseases  as  nrian  from  the 
action  of  a  poison  or  vim* — a  virus  which  b  nob  always  and 
everywhere  present,  hut  in  tml^  prudund  b}fceriMin  nmiltttly 
diseased  individtuilt,  or  in  tertain  hcalituv,  or  at  certaAi 
teastnu.  The  vims  is  epec-ially  distinguished  as  a  etmla^mi 
or  as  a  miomta.  By  the  first  is  to  l)o  understood  A  potana 
which  is  dereloped   only  in   or  apon  iodividuala  who  aiv 
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atn-niljr  disoased,  or,  a&  Pettenfcofor*  terms  it,  endogenou»ly  ; 
whilo  the  name  niiasrna  is  applied  to  a  virus  wliich  is  pro- 
(luL'ttd  in  the  Boil,  in  the  atmosphere,  or  in  water,  in  anycaao 
tuifmaUy  to  a  t{Uea»ed  orifa»i»m,  i.  e.  tmgenouBty.  AccorJ- 
iugly  cnntag'ious  diseases  can  only  be  conveyed  from  man  to 
lan,  or  from  animals  to  man,  crei'c«  versa  ;  whilo  miasmatic 
leftseq  attach  individnals  ivho  have  not  como  into  coutact 
ich  persons  simtliirlj  diseased.  Bxamplee  of  purely  con- 
l^ious  diseases  are  afforded  by  measies,  scarlet  fever,  whoops 
/•<-»u'jh,  smaliptMe,  typhus,  rrJapning  fever,  gyphUis  ;  purely 
iiasmatic  are  the  maturiat  diacaaee,  and  above  all  intermittent 
xrr.  Measles  may  bo  acquired  by  contact  with  anaffocted 
ktient  without  any  roference  to  plaoo ;  with  a  person  suffer- 
inff  from  intermittent  fevor,  you  may  on  the  contrary  asso- 
ciate with  impunity,  but  may  tako  tho  disease  in  a  malarial 
diatriot  without  so  much  as  having  socn  a  case.  But  this 
distinction  in  tho  modes  of  infection  doos  not  apply  to  all 
infective  diseases.  Thas,  in  anthrax  wo  have  a  malady  which 
is  highly  contagioaa,  and  which  in  man  never  occurK  except 
icn  acqnirod  from  animals  the  subjects  of  it.  Bat  in  the 
of  the  animals  themselves,  it  seems  to  develop  spouta- 
msly  in  a  particular  locnlity,  and  in  the  absence  of  contact 
[h  otlifjr  iufected  animals  ;  it  is  then  derived  in  all  cases 
jbably  (r«ui  tho  soil,  and  thns  resembles  a  true  miasma. 
I  the  opinion  of  most  veterinary  surgeons  the  samt*  may  be 
id  of  glanders,  though  by  some  it  is  looked  ou  as  contagious. 
len  there  are  a  number  of  diseases,  in  which  direct  infection 
personal  contact  with  the  patient  or  his  effects  doos  not 
3ur,  and  yet  which  never  attack  anyone  without  having 
Snt  introduced  into  the  locality  by  individuals.  Chotera 
Jiaa  never  broken  ont  in  a  town  except  on  the  arrival  of 
cholera  patient,  and  yet  no  cholera  patient  has  ever  yet 
rwtly  infected  a  healthy  individual.  The  term  mia«m«i«v 
\tiigioti*  may  bo  nppropriately  applied  to  this  class  ol 
dtsensoa,  which,  in  addition  to  those  just  mentioned,  includes 
iyyhoid,  ytiUow  fev^r  and  epidemic  dysentery ;  yet  this  do- 

r.  PvlttfalcoFor. '  VprHnitrntgurt  A.  Cliol«ni,'  HiiticlMn,  1355 :  *  Uaupt- 
tht  dbrr  d.  Cholenupideiui*  in  Buffni,  1654,'MuDchen.  |S>;6.     With  tlia 
'  iaun<dist«l7  foUomng,  cf.  the  InRliW  int«mtiR);  urticlu  bj  Klebico 
le  Enakhntcs,"  in  ifnlvuburi;'!  '  KesUKocjcWpadie.' 


808 


etgnation  is  itself  strikiog  testimony  that  tlio  onrrent  clatfi 
fication  of  infective  diseases  doos  not  go  to  tlio  root  of  lb 
matter.  Moreover  the  group  of  miastnatic-coDtagioas  di«e«M4, 
is  aD^ thing  bat  small ;  fur  ono  must  nolens  volmu  mako  u 
one's  mind  to  include  seTeral  other  infective  maUdics.  o 
which  it  is  not  possible  at  present  to  say  cither  that  they  are 
parely  contagioua  or  purely  miasmatic — for  example^  rrrtUtw- 
spinalnifningUi(i^ery»lpf-I<tJ>,  nump»,  iufinema,  rhetimalie fittTy 
and  true  cronpoti»j»ieumonia. 

The  mention  o£  these  varioas  diseases  will  have  girea  ] 
Bome  notion  of  the  extremely  diversified  characters  presen 
by  the  class.      In  fact  it  ia  the&e  very  maladies — which  fr 
their  nature  are  disiK>sed  to  attack  simultaneously  a  V 
number  of  iudividuals  in  the  same  oeigbbourhood,  t<i  appear 
as  we  Bay,  epidemically — that  present  the  most  nuinifold  aud 
complicated  grouping  of  symptoms,  the  detailed  doscnptioi 
of  which  is  of  course  the  office  of  special  pathology.     Thci 
chief  interest  for  us  at  present  is  the   fac-t  that  iu  many  o 
them  in^ammaiory  jjroeevra  play  an  important  pari.      Kiy 
aipelas  and  epidemic  meningiti;!  are  such  thoroughly  iypti 
inflammations  that  the  results  of  an  anatomical  cxamioation 
are  not,  in  themselves,  sufficient  for  the  establishment  of  a 
differential  diagnosis  betn-cen  these  and  other  indammatioos 
of  the  skin  or  pia  of  non-infective  origin.      So  perfectly  do 
ioflnenza  and  pneumonia  resemble  in  their  conrse  and  be- 
haviour the  ordinary  inflammationa  of  the  same  regions 
donbta  as  to  the  infective  nature  of  the  two  diieaaea 
continue  to  be  raised  by  some.     Ijastly,  goDorrboD«  aod 
tagious  blenorrhoea  of  the  conjunctiva  are  typical  exampi 
of  purulent  inflainai&tiDn  of  a  mucous  membrane.      Bnleven 
where  the  chief  characters  of  the  particular  infoctivo  diseaia 
are  esseutially  different  from  those   of  inflammation,  it  i 
nothing  uncommon  for  inSaminatory  processes  to  snpcrve, 
during  the  course  of  the  malady.     Thus  abacoaae*  fom 
pytemia  and  in  glanders ;  and  in  syphilis  varioos  acute  «1im 
cfarouio  intlammations  are  developed.     Too  aee  wa  have  a 
reasons  for  asking  what  ia  the  ^ctor  on  which  the  iafi 
inflammations  depend,  or — to  employ  languac>     ' 
own  staudpuint — by  \ohat  agawy  an:  the  tetfi 
organs  uffected  in  in/eetift  diwatn? 
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On  formalBtiiig  the  quostioa  in  tliia  way  it  imraediatelj 
les  apparent,  I  think^  that  tho  agent  cannot  be  a  viras 
circulaU?*  dwsolved  in  the  juices  of  the  body.  For 
how  could  a  poison  in  solution  affect  only  the  ressals  of  parti- 
cular districts ;  ospocinlly  since  tho  affected  regions  are  not 
always  those  into  which  it  la  in  the  first  inat^nce  absorbed  or 
(roni  which  it  ia  aftcrwnrds  excreted  ?  Add  to  this  further 
iu>coDd  circnmstance  of  importance  :  the  poitona  of  the  in- 
rtivf  injluminations^Mko  those  of  infective  diseases  generetly, 
_arr  cajtahU  of  n^jmtdttnng  themselveii  and  of  muUiplytTi^  aUnust 
idejinitely.  Just  as  from  one  drop  of  the  pus  of  cow*pock 
lundreds  and  thouRands  of  human  beings  may  be  successfully 
iccinatod  in  Buccessioo,  or  in  other  words^  infected,  so  it  is 
nsely  with  the  infection  of  measles  or  scarlet  fever,  of 
morrhces^  Eyphilis,  or  glanders.  What  kind  of  diseolred 
ibstanoe  could  possess  a  capacity  so  totally  forotgu  to  ohemi- 
kl  bodies  generally  f 
Now,  if  the  poison  is  not  in  solution  it  must  enter  the 
urganisu],  or  distribute  itself  throughout  it,  in  corpuscular 
>nn ;  and  on  proceeding  to  draw  tho  oonolusions  which 
ly  follow  from  its  reproductive  capacity,  yon  willyour- 
I  think,  hit  upon  the  hypothesis  that  living  organvted 
rings^  Icwly  organiitim,  prodnce  the  infective  diseases.  This 
in  fact  the  hypothesis  at  present  most  widely  accepted  and 
lost  strongly  supported — an  hypothesis  which  under  the  title 
eoHtetjium  vivum  «.  animalum  was  long  ago  maintained  by 
knnmberof  eminent  authoritice,*  but  which  subseqnently  fell 
iUf  general  disrepute.  Tho  justice  of  some  such  view  could 
hot  be  more  strikingly  shown  than  by  the  history  of  trUhin- 
Here  wo  find  a  disease  appearing  at  intervals  epidemi- 
Ily,  sometimes  with  murderous  severity,  and  having  a  very 
lical  and  specific  set  of  symptoms — a  disease  which  was 
unhesilatiugly  asenmed  to  be  markedly  miasmatic. 
know  that  the  symptoms  are  produced  by  triohini  ; 
V.  by  living  highly  organised  beings,  which  are  conveyed 
im  Buimal  to  animal,  and  .thence  to  human  beings,  and 

'it>.  d.  nt  Pntholn^.'  Bd.  ii,  Abth.  7,  p.  457  ;  '  Pfttho- 
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which  eaublifiK  tbomselrea  in  the  muMlei  of  tho  mfeel 
indiyidQal,  where  thej  give  rise  to  Tioleot  inflammation. 
this  instance  wi.'  are  accurately  acqusiDted  u-itb  the  deTalof 
ment  of  the  iufeotive  orgnaisni ;  we  know,  too,  the  mode 
ita  disaemination — from  the  rat  to  the  awine,  from  the  swiup' 
to  the  bnmnQ  being,  and  we  are  acquainted,  Daoreover>  with 
the  jMth  hy  vrhich  it  is  disseminated.  Bat  is  the  entire  prO' 
ceB8  therefore  less  of  an  infection  7  True  wo  do  nob  now 
ohus  trichiuosiB  with  the  infective  diseases,  bnt  with  the. 
parasitic)  yet  ia  not  oar  experience  here  oalcuUted  to 
na  on  to  Book  a  similar  explanation  For  those  diseases  whic( 
are  still  known  as  infeotive  ? 

If  in  these  it  were  simply  a  question  of  the  exisl«nce  of 
socfa  hi)^hly  organised  and  palpable  beings  as  those  tnie 
worrna^  tho  tnchini,  wo  need  not,  moat  assuredly,  have  waited, 
till  onr  own  day  for  tho  discovery  of  porBsido  organiiniu  it 
tho  infective  (Itficosoa.  But  the  oxperionoes  we  hare  had  it 
connection  with  tho  puriform  softening  of  thromht,  as  well 
as  a  few  moments  sinoe  when  tracing  the  history  of  trani 
inflammation,  indicate  unequivocally  that  for  ourpurpoM  wc 
must  turn  to  much  lower  organisms  belonging  tu  the  gtml 
family  of  the  i>ehi2om\fceU»,  DoriDg  the  last  ten  years  thaf 
task  of  discovering  the  bacteria  proper  to  the  different  in- 
fective diseases,  and  of  demonstrating  the  dvpendencv  of  lh« 
particular  diseases  on  them,  haa  been  attacked  with  great 
activity  from  various  sides ;  nor  has  success  failed  to  attend 
theee  efforts.  I  should  like  first  of  ail  to  direct  yoar  at 
tion  to  a  very  romarkuble  investigation  beloogui^  to 
period.  This  inveetigation  has  cast  such  a  flood  of  light  on 
one  of  the  moat  dangerous  of  diseases  that  the  result  has 
boon  a  wonderful  advance  in  our  understanding  of  all  aoalo- 
gona  prooeases.  Since  the  discover^'  of  glass-clear,  moUoa- 
leaa,  rod^shaped  bodies,  sa^called  bacteria  or  bacilli,  in  the 
blood  of  animals  dying  of  unMraz,  many  attempts  liave  been 
made  to  show  that  these  rodn  are  the  cansCf  the  ctort 
of  tlie  disease;  and  in  particular  Davaino,  one  of  l...  ■ 
oovorers  of  the  bacteria,  has  sought  to  prove  by  inooolaticni 
that  the  potency  of  the  blood,  &c.»  to  prodn 
dependent  on  their  presence  in  it.*^     But  i1j 

*  DsToine,  'Oimpt  noid.,*  1^6^,  &!•  Itii,  pp.  sao,  ., . . 
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tnonts  for  tho  most  part  appeared  very  convincing,  and  de- 
spite tlie  strikiug  fact  that  the  blood  of  pregaant  aoitoals, 
affected  with  the  discaao,  and  coDtaintng  the  roda,  waa  in- 
fective,  while  the  blood  of  the  foetaa,  being  free  h-om  them, 
wss  noa-infeotive,  his  roaults  were  not  altogether  oonfirmod  by 
«tber  experimeDt«r8.  They  were  noable  to  coavinoe  them- 
selvos  that,  after  successfnl  iaocalation  with  blood  contaioiDg 
the  bacilli,  the  orgmoismB  could  always  again  bo  demonstrated 
^in  the  blood  of  tho  infected  Hoiaial  ;  notwithstanding  which 
ibejr  found  the  blood  to  be  active.  Bat  above  all  it  was  ob- 
jected to  Davaine's  hypothesis,  and  with  good  reason  appar- 
aatiy,  that  anthrax,  as  already  stated,  is  undoubtodly  con- 
DBDlfid  with  a  soil  having  certain  characters;  so  that  it  is 
ondemio  in  particular  localities  and  associated  with  a  damp 
•oil.  Now  all  tboBO  doubts  have  boon  suddenly  dispelled  by 
the  {nvostigation  already  alluded  to,  which  waa  oorriod  out 
by  Koch.*  Koch  first  of  all  determined  the  mode  of  devolop- 
BWDt  of  the  BacUbia  anihraria,  as  follows.  The  rods  multi- 
ply with  extraordinary  rapidity  in  tho  blood  and  juicoa  of 
liring  animal  by  undergoing  elongation  and  then  dirid- 
trnnsversely.  In  tho  blood  of  the  dead  aaimal,  or  in  a 
litable  uutrieut  liquid,  tlie  bacilli,  if  supplied  with  air,  and 
le  lomperature  be  kept  within  certain  limits,  grow  into  very 
xtf  unbranched  threads  which  produce  within  themselves 
^•inglo  rows  of  spores  and  afterw&rds  di8int«grate;  90  f/iaC 
now  the  irporrs  btcomc  free.  Finally  those  spores  yerminalet 
and  are  dirtctly  developed,  in  prcscnoo  of  air,  and  with  a  suit- 
Able  nutrient  liquid  and  a  certain  temperature,  into  the  ori- 
ginal iMcilli.  Koch  further  asoortaiuod  that  the  bacilli  thom- 
mIto*  are  not  resisting  structures,  but,  whether  supplied  with 
moisture  ur  not,  pi:>riuh  aftor  a  Bhorb  time,  at  furthest  a  few 
reokn  j  and  that,  on  tho  contrary,  the  eytmia  Telain  their  ger- 
iive  capartly  fur  an  extraordinarity  icmtf  pttri/td  undfr  rir- 
taneeJi  apfmrenily  the  mojtt  unfavorahlt:.  A  liquid  contain- 
ig  spores  in  Facts,  we  may  yentnre  to  say,  under  all  circnm- 
;  while  one  containing  rods  is  infective  only  when 

d.  biuli^.,'  l8(i.5,   T,  p.  193  ;  Bmufll, '  Virch-  A.,'  i'.  p-  l^.  xif,  p. 
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tliese  bodtos  are  capable  of  derelopracnt  and  can  prodooe 
spores,  a  distinction  which  KocK  hax  detorminetl  by  the  tocwi 
careful  comparative  ei  ami  nations.    Tlieso  few  short  »entono(M, , 
wliicb  Psstear*^  confirmB  in  all  essential  points,  and  has  svp-l 
pigmented  in  only  a  few  r«>al1y  nnimportAnt,  and,  perbap* 
still  doubtful,  particulars,  seom  to  me  to  contain  a  perfect 
aolatioD  of  the  riddle.     Anthrax  may  be  directly  ocmimuDi-j 
cated  by  the  juices  of  diseased  animals  containiugtho  rod^— i 
hvnce  Ike  fOtUa^iousnisa  ;   yet  if  this  were  thu  solo  daoger^j 
tbe  malady  would  certainty  soon  die  oat  in  a  district,  aincaj 
the  rods  do  not  long  retain   their  virulence.      Out  the  bacilli  i 
contained  lu  thu  blood  ul  the  animals  that  faavu  fallen  a  prey  i 
to  tbe  disease  and  been  buried  a  abort  distanco  below  Ous 
surface  of  the  moist  soil  ^re  rise  t^s  tpores,  which  rvtata 
their  germioative  capacity  for  an  extraordinarily  lung  iinKt,, 
aod  under  the  most  varying  meteorological  oonditions.      NoWi 
when  these  gain  admission  throagh  a  wound  of  the  skin  inbotlw' 
fluids  of  an  animalj  they  rapidly  develop  into  rods  and 
anthrax  ;  which  accordingly  is  actually  derived  from  the  Knl>| 
i.  r.  onginates  in  a  mianna, 

I  conld  not  deny  myself  the  pleasure  of  going  Mmewbat 
minatcly  into  the  bistoxy  of  the  contagiiun  of  anthrax,  bccanao 
hero  fortho  first  time  we  sec  how  a  wcll-planri'  -tigation 

may  result  in  tho  referring  of  apparently  oi  ^roocMBSj 

to  known  biological  laws.      The  success  of  thi»  attempt 
clear  op  the  naturnl  history  of  on  iufoctive  disease  bt-1 

to    the  miaamatic-ci.mljigious  group — to   thai  grovp     i 

seemed  to  present  the  greatest  difficultice — appoars  to  tue  tc 
juirtify  a  well-fonndfd   hnpe   Ihnt   a   siuiilnT  tffcrt  wi'' 

remaining  dJMeafles  Iw  ctili  uiore  probably  HutceMfuI,  c-  j    

in  tho  less  complicated  purvly  contagions  or  purely  mia»uianc 
aEfectioui).      Vvt  we  cannot  so  far  coni^mtnlnle  ■ 

having  solved  in  the  «ame  complete  manner  the  yi    , . . 

sented  by  any  one  of  the  other  infective  disoascfi.     We  a? 
in  possession,  it  is  trap,  of  a  large  cumber  •-•f  f u'.  ~ 
to  show  the  contilanl  prfnenen  t^'  certuin  j'urtH'  •'!"  > 
t)i  particular  infective  duoonw.     I  may  mui 

'  PmUiu-, 'Bull.  itoliK-wl.dcruM..'  1879. lt[>.  leda,!?^];  Tiimi'L 
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of  rolapaingEevordiscoTerecl  byObermcier'"' — delicate  tVt^'flds, 
which  Are  constantly  fontid  duiiug  tbe  paroxyam  circulating 
iu  tbe  lilood  iu  itmuuicmble  multitudes  but  which  disappear 
dariDg  the  remiasiou,  uuly  to  reappear  in  equal  numbers  ab 
le  ufcxt  relapse  ;  further  the  bacilli  of  enteric  fever  fuund  by 
Icbst  and  Eberth  ■,%  the  bacilli  of  leprotsy  demonstrated  by 
^fliaaer  ;$  the  bacilli  of  malaria  detected  by  Klebs  and  Tum- 
Bi«Crudeli  ;|[  the  micrococci  of  erysipelas  and  of  eudocar- 
juxs  ;  besides  many  other  micro^organismB  occurring  in  the  in- 
tira  diacasoa  both  of  men  and  animals.  Klobe  endeavoured 
I  bring  forward  pnsiiivo  pnxtfs  that  the  bacteria  theni»eWe*, 
id  nut  any  of  the  subfitaiiccH  Biiimltaiioously  present  in  sola- 
are  really  the  active  principte  uf  the  iufectioD.  For 
Ihia  purpose  ho  employed  earthenware  filters,  by  meana  of 
fhich  he  sucooeded  in  securing  the  bacilli  of  anthrax  and 
10  Hptio  micrococci  free  from  the  unrrounding  fluid,  and  in 
tus  rtriidertng  the  latter  innncnons.^  Klehiit  did  not  neglect 
follow  the  botanical  history  of  somo  of  the  pathogenic 
liact«ria  by  carrying  not  numerous  and  troublcaomo  cultiva- 
}ns ;  yet  these  researches  have  not  received  that  unqnali- 
recognition  at  the  hands  of  his  fellow  scieutistji  which 
lid  entitle  (he  resulta  to  rank  as  undoubted  addttiouM  ta 
ir  knowledge.  What  I  have  thus  briefly  laid  before  you 
yuu  will  notice^  ouly  a  tmall  iractiou  of  that  which  lias- 
m  added  to  the  hteraluro  of  this  subject  during  the  laat 
years  ;  in  particular  you  will  nut  be  able  from  these  notes 
get  more  than  a  very  imirerfect  couoeptiuu  of  the  fulnesa 
id  extent  of  Klebs'  invcstigatious.  For  thuu^;h  some  may 
H)t  always  agree  with  him  in  mattera  of  detail,  they  will  not 
jiapute  the  great  and  lasting  service  he  ha»  done  t^o  scieace 

Obvnaeier. '  Mecl.  CtU.,'  1873.  ^  USt  'B«rl.  llin.  Wocb ,'  (873.  p. 
)l  J  Wtfigatt,  ibid..  1873.  p.  589  ;  ■  V«rii.  iL  Mbl«s.  Get.  I.  VBterl.  Cult.," 
^"4.  V-  S,^.  '  tlpiilMlM  mcd.  Wocheuehr.,'  l87<i,  Nos.  40,  41 :  lli>tKbat- 

'  Mr.i- Ctbl..'  i8;6,  p.  193. 
(t  KWn,  •  A.  t  expcr.  Fiitl)./  xii.  p.  2ji,  xiii,  y.  381. 
'I  Sfcerth.  ■  Vircb.  A.,'  lixxi,  p.  58,  lxx»iii,  p.  4H6. 
5  TUnnat,'  BnsLiirxtl.  licit»cbr.,'  1879,  Nw.  30,  21  ;  "Vircb.  A.,'Uiiir, 

u.  Tomnio«.Crui!Bli, '  A.f.Mp.  ruthol.,*  xl, pp.  i«,3ii ;  'Mem- 
fliii  ml-'  AuAtli'in.  «i»l  Lincti,'  i8;y. 
^   Klcba, '  AtU  aa>  d.  livuM  pntb.  lort.,'  1871-73,  p.  130. 
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by  holding  high  the  flag  of  the  parasitio  theory  of  infoctivt 
diseaseflj  with  iinwoario<l  frn'ryry,  dUtnrbiHl  ncitho- 
(UfferencL*  nor  by  utijuMtiliabltJ  ait»ck»i ;  so  that  lie   i 
more  than  any  other  has  helped  to  seciiro  for  It  tbo  victory.* 
Still  I  cannot  conduct  you  over  the  wliolo  of  this  (V'p»  ■ ' 
and  for  tbe  e»t«bli»hnn*nt   wf  the  principle,  with    wm' 
are  here  alone  concerned,  what  has  already  been  (taid  appvai 
to  me  sufficient. 

Perhaps  it  is  hardly  adrisable  even  to  stndy  and  analyi 
the  schizomycotea  obserred  in  the  diffurenl  varieties  of  ii 
tive  ditieasea  with  respect  to  the  minuliie  of  their  furm  I 
least  it  BeemB  as  if  a  certain  repu^ance  i*i  ouch  stadiot  wei 
the  natural  consequence  o£  the  opinion  of  thoso  autborii,  wl 
following  NiigiOi,  rvfuse  to  reoogniKe  specilic  characters  in  thm'\ 
pathogenic  Ijacteria,  and   with  him  conceive  ihat.  the 
species  may  aasume  in  the  coarse  of  generations  rsrions  {bnni> 
aliemaling  with  one  another  and  morphologically  and  phyxto* 
logically  dissimilar.    By  qnegtions  like  this  tho  parasitic  Uieory^ 
of  infective  diseaaoe  is  evidently  itself  uninfluenced,  yet  tht 
BubJRct  is  too  important  to  allow  of  our  passing  orcr  it  in] 
silence.     From  the  standpoint  of  practical  medicini'  har<llyJ 
ftuyone,  so  far  aa  I  can  jndge,  will  bo  much  in  favoor  of 
theory  of  the  mutability  of  pnthogctiio  orgnniama,  for  if  aq^' 
thing  ia  established,  it  appcart)  to  bo  the,  ao  to  apeak,  Jiafiad 
inditfiduality  of  the  diffh-ent  infective  dfjiauea.   Thai  particnlai 
epidemics  of  typhiin  or  diphtheria  differ  in  aeverity,  and  ia' 
many  uther  traits,  that  Keveral  of  the  tufectirc  diaeaiwa  may 
even  have  undergone  a  modification  of  cbaraoler  in  aom*  do* 
or  other  respect  during  the  coorHo  of  tens  and  hondrvda  uti 
years  cannot,  of  course,  be  denied,  but  it  is  nbttoloitfly  uspr^i 
oedented  that  a  disease  should  change  its  eneutial  propettiM 
or  become  transformed  into  another.     No  Ir^'  -t- 

vation  exists  to  show  that  anything  butmeofciL    ...-. .  ~ . . .  Li.-jni, 
communicated  by  infection  from  a  patient  ill  with  this  < 


■  la  addition  to  thewrittBgscif  Kl«l»,klniuly  reF«md  Lo,i>f. 
der  ItifMrtkinsknuiktutilen,  Com«{i.-IIt.  drr  Scli«et«)r  .\ 

•  VortMll.  a,  Wuntb.  jJiyB  -nwd.  Gt»..'N.  ?.,  IH.  *i,  p.  5  ; 
ftXh.  Itut.,'  1873  :  '  Ueitr.  x.  pftiK.  Aunt.  il.  Sclmafinc  i 

•  Areh.  f.  exp.  P»th,'  Bd.  i.  ].p.  31.  443,  iii,  p.  305,  i?,  j 
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anything  but  smallpox  from  &  smallpox  patient ;  and  jufit 
little  docs  all  tlidt  has  been  reportwl  of  »  reciprocity  of 
ifpction  between  qrphoid  and  typhus,  and  of  powible  tran- 
ttioiis  from  one  diw?a$o  to  the  other,  stand  the  test  of  s  dis- 
patidoiwtct  examination.  Such  being  tho  stat'C  of  affaim,  yr^u 
rill  only  accept  the  doctrine  of  tho  mutability  of  the  patho- 
lic  bacteria  when  voiy  convincing  proofs,  either  of  a  mor- 
pholoifical,  or,  still  better,  a  physiological  character,  are  pro- 
icod  in  suppc<rt  of  it.  Now,  as  a  matter  of  fact,  Bucbner*' 
tppowd  he  had  affordfd  such  a  proof,  and  announced  that 
prolonged  ciiltivatiuu  he  had  Inmsformed  the  bacilli  of 
ithrnx  into  niorpholojpcally  identical,  but  pathogenetically 
>mplet«ly  iuefleetire,  hay  l>acilli,t  and  these  into  the  baoilli 
anthrax;  without  doubt  a  far-reaching  and  important 
tporimont,  provided  only  it  wero  better  accredited  I  Mean* 
(ihUe  I  cannot  Kuppresn  a  fear  that  Buchner  failed,  de< 
)ite  alt  hJK  care,  in  protecting  bis  coltnres  from  contaniina- 
)n  with  other  baoierial  germs,  and  at  any  nit«  tbn  attempta 
other  practised  and  trustworthy  experimenters  to  effect  tho 
tmnAforuiation  have  np  to  tbc  present  Im^c-d  utterly  unHuccess- 
il,  although  all  tho  precnotions  odrisod  by  Buchncr  were 
icrved  by  tbcm.  More  than  this, — wo  ape  in  possosmon  df 
!,  gathered  in  this  very  domain  of  experiment,  which  are 
Kttle  calculated  to  favour  the  transmntability  of  thopaCho- 
^mic  bactoria,  that  Koch}  was  able,  on  tho  strength  of  them, 
deriiu?  an  excellent  method  for  obtaining  pure  cultivations 
iDdivi<lnal  forms  of  the  scbizomycetes.  On  iutroducing  a 
kin  qimntity  of  a  putrid  fluid  obtained  fr(?m  any  material 
happened  to  uelect,  into  mice  or  rabbits,  one  out  of  the 
ly  bacteria  contained  in  tho  tloid  soon  began  to  predo- 
minate,  and  with  it  was  developed  a  certain  wound-fever. 
This  predominant  form  wna  charHCterised  either  by  the  shape 
and  Kiuj  of  the  indiWdual  bacteria,  or  by  their  mutual  arrange- 
netit  and  distribution,  and  if  another  animal  of  the  same 
epecin  was  inoculated  from  the  diiioased  one,  ftu  oDiot  ftmn 
'  rchiavmyceteg  was  at  any  time  dowhped,  vhite  ihe  wotind- 

■  Slipb.  d.  b«yer.  KVaA.  d.  Wim.  MntK-pliy*.  Kl..'  1880.  7. 3. 
■  .  *  Ke-itiiJLKa  z.  Biolo^e  d.  l*Hu)xen.*  Bd.  ii,  Hufl  3,  p.  349. 
I.tiogeo  uber  die  Aflliologie  der  Wuiulinfeclionakrftnk- 
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fever  wa»  aUo  identical.  By  conpUng  this  Btrikiog  expen- 
mental  result  with  tlie  expcHoncos  ul  inMiicine,  you  will, 
tbiiik,  knTo  sufficient  grounds  for  nuuntBiniug,  penduif?  eri-l 
donco  to  tUe  contrary,  that  to  each  individuul  sharply  narkod 
infective  disonse  there  corrcspondB  a  delinito  oqiinlly  ncll- 
marked  form  of  bacteria ;  or,  to  express  it  otherwise,  tliat 
each  infective  di«ioaae  ultimately  owes  ita  characteriBtic  pecn-j 
liaritics  and  typical  course  to  the  vital  propertiea  and  hft-[ 
luHti^ry  of  the  bacterium  concerned  in  it. 

Thia  view,  at  any  rate,  harmonics  perfectly  with  the  cir-l 
CumHtanco  that  thcinfectivedt^eQrie<)  never  orifle  spQtvtantsoml^A 
t.  e.  indepGudc-ntly,  or  tn  the  aliM^ncCj  uf  u  rims  ;  nut  oalj  i 
bnl  it  a^roea  above  all  with  another  remarkable  fact,  oua 
ttie  most  fre<{uonily  discussed  pointt*  in  tlie  history  of 
infective   diswasef — namely,  their  nv-cuUed    iurulHilum.     lo-l 
the  great  majority  of  infective  diHcaaeK  there  ulapara,  botwoca 
the  Uifeciion  and  the  i>ppe»i-uiice  of  the  diiteaav,  a  certain 
time,  which  is  Ubniulty  called  the  stage  ef  lattney  or  inciUnt- 
iion,  and  during  which  the  iudividuaU  uftcn  eujuy  perfm:l 
health,  or  at  leaet  display  no  signs  of   the  specific  di£C<utes.| 
Hut  almovt   more   n^niarkable  itt  the  oiminirttance  thai  th» 
period  of  iucubotiou  varies  in  the  diiferent  infective  tJincMW, 
and  i*  wont  in  vach  ow.  of  Ikrm  to  Uisl  a  tl  ' 
days.     1  can  hardly  imagine  anything  iudecii  : . 
strikingly  make  for  tho  panwitic  theory  of  the  infectiTe 
coses  in  general,  and  for  the  ^pecitic  n»ii-        -    ;  -     -^^ 

pathogenic  baclena  in   particular,  than  i'  ,    . 

been  repeatedly  verified  by  the  experience  of  ceolurie*.      Fni 
that  meawles  should  constantly  make  it^  appear.-' 
nine   t«i  eleven  days  ftfU;r  inf«x'tion   is  a  nnmni 
cannot   poKsibly  be  referred  to    the  iliffereut  i|uiuitjtio« 
pnisrin  conveyi'd  into  the  Iwnly,      Itistin" 
with  tho  idea  that  the  ctmiagiimt  must  ' 
stage  of  development  before  it  ca^i  become  «n  exciter 
ease.     After  inoculation  with  the  RptircH  of    -    ~ 
ooae  ariit(*A  only  when  the  ^porv^  have  Ivc" 
after  partaking  of  fleah  containing  i;ricbinft>,  tho  rhnniot 
signs  of   Iriohini^eiB,  wjtli  fevtr  fnid  |min  in    " 
not   developed,  till   the  original   trichinw  Ji: 
formed  into  iuleiitiunl  triuhiuie,  nud  the»e  hav 
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ft  new  generation.      Tbo  number  of  tricliiiiao  consumed  mny 
lufuce  ihii  dc^roo  ami  etorority  of  the  ontirti  (Ii.K(>ai<e,  1mt 
mot  alter   it*  t.ypicol  coarse.     Thna  everj'thing  points  to 
pxiatcncw  of  a  atntagium  »ivum  ;  wkilo  a^innt  this  view 
It  one  objcL'tioii  is  at  present  raispd,  tho  justice  of   whicli 
willingly  luimit — namely,  tho  failure  to  demonstrate  them 
many  of  tho  infective  discafles. 

If  wp  apply  these  (jeneral  rcfliilts  to  the  infective  inflam- 
ition,  wo  should,  in  my  opinion,  formulat*  the  principle 
■it  it  hactrrxa  that  cause  such  an  alieraium  in  the  tessH 
tlUi  vf  ei-rlatn  tocailtir-tt  that  thf-  infiavnntilifrxf  diftuTbanc^s 
^(A(t  riftulation  result  therefritm.  That  the  particular  schizo- 
fcet*?*,  havinff  entere<J  the  juices  of  the  body,  should  estab- 
ih  tbem»e)ves  in  definite  part'*  or  organs,  depends  un- 
jubtedly  un  tho  same  nSiuit}',  whieb  leads  tho  young  tnehinai 
bom  in,  the  intestinal  canal,  to  settle  finally  in  tho  voluntary 
isclos,  ».  r.  on  the /act  that  nmvhere  elae  do  they  jind  a  nuit- 
nutrient  material  ready  for  them.  But  however  much 
:  may  be  to  favour  tbiii  n&sumption,  you  will  not  attach 
^uch  importance  to  it,  for,  in  the  first  place,  it  is  not 
prOTOD,  and  in  tho  mniond,  it  is  an  hypnthefiiR  of  a  very  general 
and  very  tentative  kind.  For  bow  this  action  of  the  schizu- 
mycelea  on  the  veKs<>l  wallti  tnkes  place  has  not,  so  fur,  even 
en  gncBsed  at.  Wiih  regard  to  the  bacteria  of  pntrefac- 
Etn  and  the  micrococci,  we  thought  ouraelres  justified  in 
ling  that  it  waa  ihe  ohemicnl  changes,  occnrring  in  the 
jncea  and  tisaaea  part  pfuttu  with  tho  multiplication  of  these 
orRaaisms  which  called  forth  the  characteristic  inflammatory 
k1  '  ■"  of  the  vessel  walls.     It  is  possible — there  is  nothing 

t  at  any  rate — that  analogous  changes  in  the  fluids 
td   tisanes  may  be  inaugurated  by  the  specific  bacteria  of 
'  infective  inflammfltions,  from  which  changes  then  the  altc- 
Uon  in  the  vessels  of  tho  particular  locaUties  would  resnlt. 
Jlu8  ia  to;  d  v.g,  cerebro^spinal  meningitis  actually ariaea 
th«  settlement  of  particular  echizoniycetos  in  the  ti?!*iies 
pi'u  nmlfr,  as  being  the  mo»t  suitable  soil  for  their 
ri»hracDt,  and  if   the  disease  depends  on  the  production 
Buch  ''  ',  through  their  multiplication  and 

ther  u  ,  ;    i  tho  vessels  of  ihe  pia  are  alienjd 

ibjj  then  we  are  justified^  it  aeema  to  me,  in  regarding 
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6ho   tnptastatjc  inflammations  and   alwooHsrs  in  pj-Rtnia,  ta 
well  an    the  seivcro  forms  of   traumatic  inHainmation,  a* 
special   variety  of   the  in/nctive  cla**.      Tliia  variety  it  dn 
tingniabcd  from  the  other,  moch  more  inHrk<?dIy  spBciflc,  ii 
Eoctive  inflammations  by  the  circnmstaiic^t  that  it   owtMt  it 
urigiu  to  bacteria  whtth  appear  lo  ntUl  tU  aU  tlmf»  in  ni 
portions  of  the  iuhahiUd  gloiM,     Tbi«  wonjd  BOppIy  an  caa] 
fixplanntiuD  of  the  fact  that  a  wcmiid  may  anywhura  rati  a' 
bad  courst?,  that  an  erysipelas,  orevou  a  pyeemia,  may  appear 
as  an  iso)at«d  or,  to  employ  the  terminiu  teehnicua,  rporadil 
disc>ase ;    though    many    lamentabh;    experiences    estobtiil 
beyond  all  doubt  che  pronouncedly  contagious  cluiractor  r)| 
these  affectioni).     For  while  the  partionlar  bacterial  ftonaa' 
axe  indeed  universally  distributed,  the  danger  «E  infcetiaa 
inoreoBCs,  as  might  be  expected,  wben  a  person  with  an  opea 
vonnd  is  in  close  proximity  to   an  individaal  in  whom  a 
Hpecially  proUGo  brood-foona  of  those  germn  has  dcTeloped. 

This  being  the  mode  of  infection,  the  olddefiniiinn,  arcor*^ 
ding  tA  which,  amongst-  other  things,  the  infMtive  diitcaim 
cannot  arise  at  all  times  and  in  all  places,  masibf-  "^  ~~  '  ncd.' 
Yet  it  will  not  have  escaped  your  notice  thai  l)i<  ^um) 

is  concerned  with  a  point  of  very  subordinate  importance,  i 
ifl  just  as  little  eesential  as  is  the  divittion  of  theMO  disoasM^ 
into  cantagious,  miasmatic,  and  contagious-miasnmlic.      PoT' 
we,  in  spoaVing  of  the  infective  dUeascs,  lay  the  chief 
on  the  parasitic  nnture  of  thnT  ca^ute,  or,  as  it  is  aUo  toroii 
the  oTffQHietd  nature  of  the  tiruif ;   and  we  now  know  that  it 
depends  solely  on  tho  biological  characters  of  theaa  panuitwl 
organisms  whether  the  poison   in  convL>yed   inl'O  our  bodicB 
frrjm  a  diseased  iudividual,  or  with  (he  itutpircd  air,  or  in 
water,  Ac.     Since  these  subordinate  criteria  began  to  be 
regarded,  tho  group  of  infectire  diseaees  has,  daring  the  last 
few  years,  gradually  but  steadily  extended  iut  bonndani>s(, 
and  with  the  infective  inBammations  are  now  rhuaed  manyl 
diseases  for  which  a  short  time  ago  an  etiolngr  nf  this  kind 
wtut  not  even  thought  of.      To  show  how  jnstitiablo  is  this 
abandonment  of  the  old  traditions,  lot  me  remind  you  of  a\ 
oirciimHttLnoe  in  yoDreTcr}''dny  experience.     T 
catarrh  of  th«  nose,  Ifciynx,  throat — what,  in 
in  common  parlance  as  "  a  cold  " — is  extremely  inlectuios,! 
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IP  piibUo  and  the  pliysicinn  have  \ang  been  agreed  ;  and 
ret  (iucb  a  diHcaatt,  n'h(i»o   c»ase,   iiocordingly,  pos.scsso8   a 
mrlcctl  roproductivo  enpacity,  was  ROppos^d  to  be  CApable 
>f  bi*ittj^  pcnt-patod  by  varintions  of  (.empcratnre,  wind,  raia  j 
short,  by  atmosphpric  influpnces.     This  chango  in  our  views 
hoircvor,  chiefly  Ut  be  attributed  t<>  the  fact  that,  by  u 
attention  to  the  history  of  previous  illncsnos  and  to  the 
lence  of  one  auatoniical  condition  on  another,  we  have 
framed  to  refer  many  inflammations,  which   n-orc  fonoerly 
jked  on  as   independent,  to  other  oudoubtedly  iufoctive 
bsoases  ad  their  cause.     In  the  case  of  pleuritis  and  uf  peri- 
mitis  such  a  connection  has  long  been  mainluiued  by  putho- 
igical  anatomists ;  and  with  regard  to  nnmeivus  uxamplos 
endocarditis  and  of  meniufriiis  there  had  been  still  earlior 
dtspusition  to  cake  a  similar  view.     More  recently,  howovor, 
^ajiciicr,*  after  c&refully  examining  the  facta  accumulated  by 
lu  during  liia  extenstvu  experience,  has  come  to  the  conclu- 
|on  tliat  the  vast  majority  uF  allca»esof  nephritis  are  devc- 
seoundarily  in  consequence  of  some  antecedent  infective 
Since  tlien,  evidence  of  a  precisely  aualugnua  kind 
_bas  boon  brought  forward  in  some  essays  by   Liicket  and 
thcTft  which  will  repay  perusal;  the  fomier  dealing  with 
>ns  of  bones  and  joints,  tho  latter  with  deep-seated 
lationa  of  the  eye.      Consider,  moreover,  that.,  owing 
to  the  progross  of  pathologico^natomical  research,  some  in- 
fluniziaHons  whose  causes  appeared  altogether  enigTuatical, 
i<.g.  the  congenital  valvular  diseases  due  to  iulra-utfrine  endo- 
litis,  further,  the  so-called  systemic  diseases  of  the  spinal 
I,  8H  they  are  termed  at  present,  hare  l)een  divested  of 
inflammatory  character  ;§   and  it  is  <.>liviou8  that  the 
imber  of  inllamm&tiouc,  depending  on  completely  unknown 
^d.  in  their  essence,  incompreheuaiblo  canses,  is  dt-creaMng 
jn?  and  mure.      We  are  not  yet  in  a  position,  when  dealing 
'with  tho  etiology  of  the  inflammatioos,  to  discard  the  notion 
of  a  rA«uma,  i.  e.  an  abnormal  condition  of  the  akin,  or  mucous 

B.  Tfagntr.  *  D,  A.  f.  Win.  Mod.,'  isv.  p.  5*9. 
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Leber.  *  Brricht  A.  la  OphtbalmoioK'  V«rMnmlttnp.*  1879. 
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meuibrftne,  or  of  tlie   orgatiUm    in    gcnc^rnl,    produced  1j^ 
matters  contained  in  the  atmosphere ;  yet  if  I  nm  not  ^It 
getlicr  deceived^  medical  science  U  rapidly  advancing  in 
direction. 


But  TvbatoTcr  may  lie  the  causes  of  the  inflmnmaliop, 
process  itself,  I  repeat,  ia  always  the  same  ;  and  the  eaaent 
character  of  tbo  circulatory  distnrbances  dee  to  it  is  under  all' 
circum8tancc8  of  the  same  kind.     Hence,  as  already  p'linLvd 
out,  an  attempt  to  classify  the  inflammations  on  otiulo^ 
principles  exclusively,  must  from  first  to  but  prove 
factory.     One  might  rather  be  disposed  to  dislinguisb 
inSammations  according  to  their  mode  of  mani/wtati<m,  ut^ 
according  to  the  symptoms  to  which  they  give  rise.     Fori 
picture  presented  by  them  is  highly  diverhified,  as  wilt  leemj 
natural  enough  to  yon  frmn  irbat  yon  hare  already  leunodj 
I  have  not  so  much  in  mind  the  intensity  of  the  srmpUMMl 
marking  the  c<>ur»e  of  the  entire  process,  although  thi.<t  too  ha«  j 
been  made  a  basis  for  classification.  There  arc  of  courae  robuAi 
and  fe«b1e  indiridualn  ;  full-blooded,  as  it  is  called,  or  min-J 
yvm«,  and  phUgmatic  or  more  relaxed  ;  and  it  is  obviouii  tltal 
in  these  different  constitutions  the  conrse  of  the  diieaae  viU 
correspondingly  modified.      Yon  will  certaiuly  not  expect  that.] 
in  a  debilitated  feeble,  old  man,  the  heat  and  redness,  or ' 
the  exudation  and  pain,  will  reach  the  same  pitch,  m  when 
strong,  well-nouriifbed  person  in  the  prime  of  life  ia 
by  a  pneumonia  or  a  facial  erysipelas.      Still  the  terms  i 
and  atthenic  inflammations,  banded  down  to  us  by  past  agsit 
may  be  retaiued,  provided  they  be  employed  to  cxprues 
thing  mure  than  the  degree  uf  severity  with  which  thii  ajn- 
ptonu  of  inflammation  are  manifested.     Thu  moat 
istic  example  of  asthenic  iaBammation  is  the  ao-cmllwl  kfp* 
iutic,  whereby  is  understood  that  variety  which  sets  in 
the  train,   and  as  the  result,  of  hypoaUuieii.     For  in  tin: 
cascK  we  have  to  do  not  men>1y  with  generally  debilital' 
Tiduals,  but,  iu  addition,  with  iuHammatiuns  in  orgi> 
circulation   through  which   ta  especially  enfeebled.     HligfatJ 
injuries  arc  here  aufficienl  to  call   forth  tuflunmatii' 
when  this  has  derebped,  its  symptoms  may  bo  so  ob~ 
to  completely  escape  the  tu>tice  of  the  patient,  and  to  b«  dis>j 


THE  TOMOn  A3   A  BASIS   OP  CLASSIFICATION. 


321 


»red  only  by  a  careful  examination  ou  the  part  of  the 
iy»ician. 

I  would  lay  far  more  stress  on  the  modificaliona  of  the 
jncture  in  ilg  drtatb  than  on  these  difforeneea  in  the  general 
laractor  of  the  inflammation.  Tot  we  hare  already  con- 
lered  moftt  of  these  details  ;  as  the  various  degrees  of  red* 
tss,  the  Tarions  elevations  of  temperature,  the  varioiiit 
lounts  of  pninfulncRa  and  functional  disturbance;  andj  in 
KouMiujr  the  inflammaiory  tumor,  we  dwelt  on  the  different 
fornix  in  which  this  makes  its  appearance,  so  far  as  these 
differences  are  dependent  on  the  anatomical  structure  of  tho 
inflamed  organ.  But  it  8ccm&  desirable  to  speed  a  Utile  more 
time  on  tho  subject  of  the  inmor  ;  because,  so  different  is  the 
ihu  assumed  by  it  in  the  name  organ,  that  it  has  been 
)posed  to  off<*r  a  Huttablo  basis  for  classification.  Pl(>ase 
ill  to  mind,  first  of  all,  that  wo  ourselres  havo  admitted,  on 
a  priori  grounds,  the  posfiibility  that  the  tumor  may  be  alto- 
ither  absent,  or  remain  within  snch  limits  as  to  be  tho  mere 
iression  of  increased  fulness  of  the  rcaaels.  This  would 
IP,  we  said,  when  the  increase  in  the  transudation  does 
>t  exceed  the  functional  capacity  of  the  lymphatics  of  the 
^flamed  part.  Snch  a  condition  is,  in  fact,  presented  by 
iy  mp^rjiciat  in  Bam  (nations  oE  the  skin,  as,  for  example, 
common  erythema  from  exposure  to  the  sun  ;  and,  as 
;ady  indicated,  in  my  opinion  by  tho  so-called  acute  exan- 
lemata  as  well.  That  the  quantity  of  lymph  leaving  the 
is  increased  in  the  latter  dineases  has,  as  you  may 
;,  not  yet  been  established.  But  we  have  other  ovi- 
iBco  to  show  that  tho  redness  is  not  duo  to  fluxion  merely, 
it  is  actually  dependent  on  a  true  inflammatory  hyperemia. 
■At  any  rate,  I  can  conceive  no  simpler  explanation  for  the,  I 
by  uiy,  invariable  rieA/namniioti  of  the  skin  in  scarlet  fever 
id  measles  than  would  be  afforded  by  assuming  a  somewhat 
iutoose  impairment  of  the  nutrition,  the  metabolism,  of  tho 
tin,  which  itself  might  very  readily  be  conditioned  by  an 
amatory  disturbance  of  the  circulation,  but  could  not 
dbly  be  occasioned  by  a  simple  fluxion,  even  though  this 
lasted  several  davs.  There  is,  moreover,  the  fact  that  the 
tacreascd  permeability  of  the  cutaneous  vessels  during,  and 
Uy  after,  scarlet  fever  is  often  enough  demonstrated 
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ad  oculos  by  scvero  ananarca ;  wbicli  pruvon  unlj  too 
that  the  Kkiu  affection  coutinuea  tLflcr  tJio  exantlicnn 
faded  und  desquamation  takpti  place.  Wlion,  however, 
has  been  observed  in  isolated  coses,  the  ftkin  becoiiie& 
matoas  during  the  conrse  of  the  forer,  the  inflammBtion 
thereby  approximated  to  that  form  which  is  u&nally  Ac 
n&ted  injlnrnmation  with  terouM  emtdation,  or  simply,  mi 
infittintntUifin. 

Meanwhilej  it  is  well  to  dutinguish  here  Wtweeii  two  dil 
fereut  conditions.     An  ijiflaromatoiy  exudation  may,  in 
first  place,  become  *erotw,  i.e,  re8emble  a  simple  tr'-v--f'- 
iioD,  otcing  to  an  vnuvuat  diminntiint  in  i£it  aibumn 
tentg.     This  Htatn  of  things  in  fomid  in   indivitlualii  whi 
blood-semm  has  become  abnormally  thin  through  the  Iom 
large  quantities  of  albumen^  r.  g,  in  nephritis.     In  soch 
viduals  iuflammation  is  frequently  and  very  readily  vxcil 
apimruutly  bccnnsc  tho  vessels,  being  already  poorly  ooui 
by  tho  watury  blood,  are  more  poiverfully  affected  by 
paratively  flight  injurious   iufluoucea.     The  amount  of 

exudation  in  such  patiouta  i«  altso  at  all  times  very  '- 

able,  whilo  the  concentration,  on  thu  contrary,  ia,  an  1. 
said,  proportionately  slight.     Tliat  the  dilution  of  the  hi 
is  actually  rci>ponsiblo  for  the  altered  constitution  of  tho  rsi 
dation  may  be  readily  proved  by  experiment.     If  you  cdOe 
the  lymph  From  the  inflamed  paw  of  a  dog  in  the  way  I  ftH 
merly  described,  and  then  create  a  hydrtemic  pletbc 
injecting  large  quantities  of  o'6  per  cent,  solution  of 
salt  into  the  v.  jngnlaris,  the  lymph  at  once  begina  f  • 
more  abundantly,  but  its  solid  contents  deore-i"' 
tiou* — a  precise  |»AralIel,  aa  yoo  see,  to  tho  >■. 
occurring  inpenons  suffering  from  nephritia.     In  theaecuij 
place,  an  inflammatory  exmlatioD  acquires  ^    '  ~ 
bianco  to  a  serouii  trausudatiun,  ir/ini  the  nu. 
cojmlUucntu,  or  btood-curpuifile*,  iff  very  tnouU,      In  what  ei| 
cunutaucL's  this  will  bo  tho  case  you  are  alrmdy  urtV 
Tou  kti'.'ff  that  in  tbe  early  singes  of  the  inflamnii' 
datiouj  before  the  umigratiun  of  oorp^  l! 

going,  n  clear  tlaid  trnnsudcii  through  ' 
know,  on  the  other  hanUj  that  whi-ru  il< 

•  O.  Uav,  •  Viitli.  A^*  kiz.  pl  gifi. 
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th»  vMMla  luA  been  nlight,  the  alteration  in  the  transwlatiou 
may  bo  eatiroly  coDfincd  to  qu  increase  in  tlio  Buid  without 
tny  attgDientsticin  ia  the  estravosation  of  corpu&calar  clfuiuiits 
■ettin^  in  at  any  time.  True  croapoas  pDoumouia  coniraonees 
with  si>called  rmjorgement,  i.e.  hyporaMUia  with  ccdoma ;  out 
iif  every  wound  there  trickles  at  lirst  a  clear  lluid,  in  which 
bat  fow  pus-  and  blood-coi'puscles  aro  contaiued.  Tho  con- 
ils  of  a  vesiclo  raised  liy  vesication  consists  st)U'Iy  of  a 
rous  tluid  ctmtaiuiug'  some  isolated  curpuscleti  saflpendcd  in 
it;  and  after  a  slight  burn  or  freezing,  moderato  codema  is 
tliD  only  n>»tilt.  This  is  nil  very  simple,  and  I  »hoiild  hardly 
have  thought  it  necessary  tu  toach  on  these  ciruamstaiices 
onco  mora,  did  I  not  at  the  Mime  timu  desire  to  direct  your 
attention  to  tlio  relative  frtHjuf^tiry  of  mtous  inflammations  in 
padiulogy.  It  is  true  thatj  except  in  hydrtemic  individuals, 
gpnuine  inflammations,  in  which  the  exudation  consists  soMy 
of  a  scroos  llnid,  occur  but  rarely  as  independent  prolonged 
diseases  ;  yoi  one  occasionally  comes  aoross  n  plonritis  with 
terotts  exndation  ;  not  only  so,  but  many  cedomiui  of  the  pia 
mjitor,  many  hydroceles,  many  a  case  of  hydroccphalns,  might 
bo  correctly  placed  under  this  head.  Still  commoner  than 
thue,  certainly,  is  the  local  combination  of  serous  exudation 
with  ihp  severer  forms  of  inflammaliou.  "When  in  a  limg  of 
which  the  lower  lube  and  lower  portion  of  the  upper  lobe  aro 
hopatised  the  alveoli  of  the  air-containing  lobuli  are  found 
l«thed  in  fluid,  tliits  is  noihitig  more  or  less  than  an  injlnm- 
wuUory  tedejna.  Moreover  llio  so-called  oedema  gluUidis  or 
mAima  rirca  iiloU^dettt, •ftb'ich  pruves  so  dangerous  to  iudirid*- 
naU  irfao,  for  exampU*,  suffer  from  deep  ulceration  of  th& 
larynx,  is  of  inllarnnuitory  origin  ;  and  when  in  an  empy- 
ema, ».  e.  n  purnlont  pleuritic  exudation,  tka  Kubcuiatmouf 
rrilui-ar  tis^nu-  of  the  affFtArd  half  of  the  Ihor&r.  becvmesj  an  rrry 
often  ha^jKtnSf  {Edematous,  this  is  neither  a  collateral  cedemn, 
nor  is  it,  »a  was  formerly  supposetl,  an  CBdema  due  to  meeha- 
nical  byponcmia.  For  the  notion  of  a  so-called  collateral 
otdema  i.-*,  lurou  kmtw,  nnsciontitic  ;  and  how  could  the  etBnx 
from  tho  vein^  of  the  wall  of  the  thorax  be  obst^rncted  by  a 
pnrulent  t  since  the  anastomoses  and  efferents  per- 

it;'""'-  ''  "''  •'■"-•Its  blood  are  really  innumerablct 

'1.  ..  mmahrij  i  it  is,  so  to  8p«ak,  tho 
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l&st  waTO  oE  the  process  whose  centre  lies  in  the  Bovenl 
diseased  pleara. 

I  iiee<l  hartllj  add  that  the  presence  of  some  IiIockI* 
f)iia*corpu8cles  in  a  serous  exudation  is  not  excladed.      R^ 
when   a   few   delicate  and  soft    finkes  of   fibrin   are 
floating  in  it,  it  does  not  therefore  cease  to  be  seraun.      Fc 
what  is  BO  often  tnie  holds  good  here  also :  a  potinrifit 
■^iominutio.     We  do  not  spoak  of  a,JibrinoH«  ex"-' 
tkJibriftou9  or  croupous  infiammttlion,  till  a  copi'"-     • 
■  of  albumen  hy  spontaneous  coagulation  has  taken  place. 
inflamud  surfaces  are  then  covered  by  thick  1  < 
Ubrmj  n-hich  are  sometimes  smuoth  and  8omet->   ' 
shaggy  ;  bulky  flakes  of  fibrin  float  in  the  exudation  ;  9ai  { 
ohanneln  or  cavities  exittt  in  thii  inllaraed  organ,  those 
lilted  and  more  or  less  plugged  by  fibriDOua  casts.      Tj 
examples  are  met  with  in  the  serous  membranes  and  also  in 
the  hiiigH.     Ou  examining  these  iibnnous  uiembrau' 
Boopically   wc  tind  pus-corjniticlys  to  a  variable  air. 
oloaed  iu  a  material  which  is  partly  BbrillarandpaKly  grana- 
iar.    The  corpuscles  are  sometimes  almost  altogether  wanCiD| 
and  at  other  times  so  nnmerous  that  the  iibrinoas  layer  a| 
pears  to  consist  of  nothing  but  dense  accnmolations  of  thost 
cells.      Red  blood -corpaacles  are  also  fre<juetiily  infludtnl  ~ii 
the  pseudo-membrane,  but  always  in  small  qnantitj  ;   nmp), 
because  the  greater  part  of  them  remain  in  the  tiaimc 
rounding  the  vessels  out  of  which  they  have  extrui 
As  to  the  amount  aj fluid,  which,  with  the  fibrin,  coostiti 
the  exudation  in  fibrinous  iuflammationa,  no  general  v^\ 
can  I>e  laid  down.      In  a  fibrinous  pericHrditis  ncoompi 
during  life  by  the  most  typical  frictiou-BOuud.  thetv  i»  sumi 
times  found,  besides  the  shaggy  coating  of  the  int«mal 
face  of  the  pericardium,  only  a  few  grams  of  watery 
while  at  other  times  the  pericardial  cavity  is  so  dist 
that  the  lungs  are  displaced  to  the  back  part  of  tho  tbui 
between   these  twi>  eitrfmes  there  arc  nil  pr 
tioQB.     Now  what  does  the  presence  of  fibrin  -^-.^ 
tion  signify  T     The  hxX  that  sponUmeons  coagulatioa  naf 
ensue  in  inflammatory  transudations  will  not,  I  t' 
■peci&lly  remarkable,  when  yon  consider  chsi  tV.. 
is  derived  from  the  blooU-pIasma,  and  that 
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corpaaclea  are  anything  but  deficient  iu  the  exadations.  Or 
is  one  to  aasame  gratuitously  tbat  the  tibrinogeQ  does  not 
participate  La  the  transudation  ?  Ou  the  contrary  we  sbonld, 
I  believe,  a  yriori  regard  every  inflammatory  exudation  as 
coagulable ;  so  thnt  a  separation  of  fibrin  may  bo  expected 
tu  oocar  as  soon  as  a  certain  quantity  oE  colourless  blood- 
oorpuBctes  hare  become  mingled  with  it.  Thus  you  found 
it  perfectly  natai-al  that  a  fibrinous  psoudo-roombrano  should 
bo  developed  on  the  surface  of  the  exposed  mesentery,  and 
Uio  richnesH  iu  pus-corpuscles  was  just  as  little  surprising 
to  yon  thero  as  in  the  case  of  the  white  thrombus.  Under 
ihese  cireuraslancos,  it  would  bo  at  bottom  mnch  moro  re- 
tDBrkable,  wore  no  separation  of  fibrin  to  occur  in  an  exuda- 
tiaa.  Yet  yon  will  plcoso  remember,  in  this  connection,  thafa 
the  presence  of  numbers  nf  colourless  blood-corpuscles  is  not 
ftlono  sufHcient  for  tbc  formation  of  fibrin,  but  that  their 
dinntegrntion,  their  death,  is  necessary ;  since  only  by  their 
destmotion  is  the  fibrin-forment  set  free.  The  non-occur- 
mnoe  of  coagulation  in  an  inflammatory  product  may,  accord- 
ingly, depend  cither  on  a  deficiency  of  blood -corpuscles,  or 
on  the  rirciimstance  that  somehow  or  other  the  vitality  of 
the  corpuscles  is  maintained  and  their  destruction  prevented. 
The  Brst  factor,  the  poverty  in  colourless  corpuscles,  obtains 
in  iultammationg  with  a  serous  exudation ;  and  it  also  suffici- 
cuitly  ejiplains  how  it  is  that  the  absence,  or  slight  amoani, 
of  tlio  fibrinous  deposit  observed  iu  such  exudation  ithould 
also  be  found  in  those  localities  where  there  are  no  anatomi- 
aU  MTaagemonts  for  maintaining  largo  quantities  of  colonr- 
Wmi blood-corpuscles  intact  aEt«r  they  have  left  the  vessels, «.  j^- 
lUe  serous  membranes.  For  It  is  owing  to  the  want  of  such 
arrangements  that  the  iutiainmations  of  theso  membranes  be> 
come  so  typically  fibrinous  as  soon  as  a  considerablD  number 
of  blood-corpuscles  have  appeared  in  the  exudation.  But 
how  as  regards  iuflammations  of  the  mucous  membranes,  where- 
tbe  nomber  of  pus-corpuscles  present  in  the  exudation  may 
be  enormous,  and  yet  no  coagulation  occurs  under  ordinary 
careatDStancos  ?  Now  aa  to  these  inflamraationa,  it  can  b& 
proved  to  duraunstrution  that  fibrin  fails  to  bo  deposited  only 
bcflOHM)  thr  r.r?--'  -  -'ir?  hlmd-efirjiuifdea  are  kept  from  perish"  ■ 
ituf.      Their    j  tioQ   is  due,   as  has   been    shown   by 
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Woigert,*  u>  the  presonee  of  the  mufow*  epithcUum  ;  wl 
the  epitliolial  colls  perish  or  are  completely  ami  luntioiH] 
doatroyeU,  tho  cxadstion  takes  the  form  uf  a  tihrinuuf?  pseadt 
membrano,  moh  aa  may  be  obsorvcd  in  artifitniil  or  nntnmll] 
oocurring  croupous  mflaminatians  of  the  >nembrait&  mt 
Similarly  when  in  violent,  bnt  not  purulent,  inflamm&tioM 
paronchymaioDB  orj^na  or  other  tissue,  e.  p,  in  the  ao-called 
interstitial  infiammationa  of  the  livor,  kidneys,  uusclrs,  Ac., 
no  ooagnlation  occorit,  this  depondK  csaeuLially  on  the 
thafc  tho  white  blood-corpnacles  which  have  collected  in 
meshes  of  tho  tissues  can  readily  maintain  their  viraliiy  thti 

But  certain  inflammations  of  other  organs,  of  the  bdi 
membranes  for  example,  do  not  at  all  admit  of  n  sninilar 
planation.     In  these  iheexndation  ispuru/cnf.pns-cnrpnadt 
being  present  to  an  unlimited  extent,  and  bat  few  or  no  flakl 
of  fibrin.   The  inflammatory  product  here  coosista  of  »  cr«afflj 
mostly  somewhat  consistent,  yellowtfh   or  (when,   as  ol 
bappen9,  red  blood-corpusclea  are  mingled  with  it)   reddii 
yellow,  opoqao^  generally  odourless  fluid,  in  which  only  a 
doliratp  or  more  bulky  flukes  of  fibrin  float,  iir  thc^M  mjiy 
altoj^othcr  absent.      ^Vlicn  fresh  pus  is  examined  mici 
call}',  nothing  is  fonnd  in  it,  as  a  mle>but  pas-oiirpniwlraiuH] 
%  few  red  cells,  suspended  in  a  colourlosa  fluid.     I'oa  neea- 
pying  a  circumscribed  portion  of  Itio  tissues  is   ealled 
t^geivs;  when  more  diffosod  it  is  known  as  pvrvli^t  in/iUi 
Hon  ;  when  sitnatcd  in  n  iiat  iinil  canity  we  sptuik  oF  it  n» 
puralent  effusion.     How  little  prrjventive  iuflucuec  i*  mrei 
by  the  anatomical  stmctnre  of  the  inflaraod  ortmn  on  th* 
position  of  Bbrin  in  pnmlent  inflnnimiit«)ry   ■ 

clearly  demonstrated  by  the  fart  that  tlie  e^ 

in  very  many  ea-ies  preceded  by  an  exquisitely  Hbrin** 
flamraation.      In  pleiiritis  the  physician  very  c^; 
tho  unmistakable  kj^h  of  a  fibrinous  p--"')  ''■-" 
those  of  an  empyema,  and  the  Bakes  dt 
purulent  effii-sion  of  the  poricJirdium  orpfnt'UHwm  o-rei 

nothing  but  the  remain»i  of  a  copious  •'- • 

Tbi*  circnnintauce  is  well  ciilculalwl  to  i 

-of  the  purulent  exudations  lu  a  pmptT  lijirbt. 

unmistakably  that  tho  purulent  inflnr •    -■  - 

•  W«i(pert  •  Vireh.  A,*  Ut.  p.  461  ;  of .  S- 
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ic  Qbrmoua,  which  latter  becomes  parulenl  only  wlif>n 
loes  not  f^  on  to  absorption.  This  mlc  is  indnfd  trnp  of 
nil  punilcnt  inflammations,  whether  they  have  been  df^reloped 
from  an  antceedont  fibrinous  form,  or  havo  from  the  first,  or 
Irnnt  very  early,  fiRsiimeil  the  characters  of  the  uppeifically 
irulent  one.  The  itifiammaHon  tuhoM  produrt  in  purulcyit  m 
ltray»  wti^re,  althoiif^h  its  import  for  the  organiton  as  a  whole 
nay  be  triflings,  owing  to  the  Kmall  sizo  of  the  ittflameil  area. 
Tot  it  would  bo  falal  to  regard  inflammation  with  ptimlont 
idation^  or,  more  briofly,  aupjmratMti,  as  a  mere  ijvantUa- 
vf  nuijm^ntaiion  of  a  procetis  remaining*  in  other  re8»eclt« 
kmiical-  Wo  shall  prc<)ently  make  the  acquaintance  of 
kothor  variety — the  h«morrhagic  exudation — to  which  an 
•«y'i»lly  HOTorc  and  malignant  character  may  with  still  moro 
stico  bo  flttribnt^-d,  and  which,  nevertheless,  has  notlung  iu 
wuon  vfith  snppufBtion.  The  assmnption  of  the  purulent 
by  the  inHammatorj'  product  also  involves  an  intimate 
tnlUnlive  cluingo  in  the  entire  exudation.  The  nature  of 
ifl  change  we  are  still  far  from  able  to  define  completely, 
mctsf  rcnmrknlilr  fraturf  at  leaj^t  is  that  of  jtreivtilinij  Uip. 
xaiiini  tifjihrin.  The  colonrloaf*  corpuscles  aru  not  irans- 
letl  into  tibrinj  and  instead  of  losing  their  nuclei,  there 
BPcn  almost  nniversally  in  the  pns-cclls  Hoveral  separate 
icloi,  or  nuclei  of  trilobato  form — a  condition  which  was  long 
ipposed  to  be  indicative  of  the  progress  of  cell<mnItiplic-ation, 
iK  which,  in  view  of  thy  important  extenHion  of  onr  know- 
Igl»  wiih  regard  to  the  division  of  nuclei,  must  now  be 
Mlg^  of  moro  eantiouflly,  and  may  perhaps  be  regarded  an 
(process  of  d isi nt+'gration.  Bot  not  merely  is  the  formation 
fihnn  prevpnted  in  ftatn  na^renti,  if  I  may  use  the  expres- 
;  what  ha.s  already  been  formed  and  separated  i.s  di.ssolved 
trough  the  soppuration,  or  tho  Hakea  arc  at  least  softened 
id  looM;ni*d.  Indeed,  if  the  snppuration  occurs  in  a  tissue, 
tho  Holid  rnnatituentji  of  tho  latter  may  undergo  lique- 
Iwn,  The  chemical  agcnt^ — for  such  must  be  ita  nature^ 
igftged  here  \uift  so  far  completely  escaped  recognition.  One 
iglit  incliiio  to  seek  it  in  the  carbonio  acid  which,  an  waa 
pti'rmined  by  Ewald,*  ia  present  in  suppurating  tistiuea  under 
try  conKidi'rabtf  tcnnion  :  yet  while  it  in  tniu  that  tliis  gaa 
KwkU,  *  A.  f.  Anat.  u.  I'hTsiul.,'  1873,^.66,),  tS;(i,p.43i. 
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luay  rat&rd  coagulation,  it  is  incapable  of  prvv^titlii^  it,  not 
can  it  by  any  poaaibiU^  bnng  about  t\x&  ttolotioQ  of  fibrin 
alroady  deposited,  much  less  of  fully  devclupvd  Li&saett.     Fur- 
thcr>  eIuco  it  has  been  sbovra  in  Ludwig's  laiKirAlory*  Uut 
pcptoao  whou  injected  into  the  blood  keeps  it  from  clottingr 
the  idea  naturally  snggcutcd  itself  that  the  peptone,  wbon^ 
presence  in  poa  has  of  hito  been  repeatedly  determined,  mmj 
possibly  play  a  pari  in  hindering  coagulation.     Yet,  to  ny 
nothing  of  other  objections,  this  Bapposition  is  negatived  by  ^j 
the  fact  that  the  extract  obtained  from  a  piece  of  long  »ffecled^H| 
with  croupoQB  pneumonia,  by  treating  it  with  water,  pivea  a  ^1 
marked  peptone-reaction.^      On  the  other  hand,  we  are  much 
better  acquainted  with  the  eonditioiis  under  which  an  exuda- 
tion becomes  pnmlent.     For  wo  know  that  the  agent  cau&iog  ^1 
Bupporatiou,  or,  as  it  may  bo  brioily  termed  with  WeigerVj  ^M 
the  piis-pnuion,  is  always  introduced  into  tbo  baman  body 
from  without,  its  form  in  the  vast  majority  of  cases  being  that , 
of  an  nrganvted,  infective  virus.     To  iho  doctrine  that  tbo 
capacity  for  exciting  Enppnralion  inheres  ezcliurively  in  an.] 
organised  material  of  infection  I  am  unwilling  to  auhi^cribo  ab 
present,  for  a  purulent  inflaruination  may  bo  ppotluted  with 
absolute  certainty  by  injecting  turpentine,  potroleom,  or  mom 
especially  croton-oil  into  the  subciitaneoue  areolin  ''.-'  f  a 

dog,  and  I  cannot  admit  that  the  entrance  of  lc<wl_.  -uu 

into  the  body  has  so  far  been  proved  to  take  place  in  lUI  thorn  \ 
cases.     According  to  Riedelj)   the  mime   result  attei>^- 
injectiou  of  clean  quicksilver  intv  the-  knee-joint  ia   ■ 
True,  with  regard  to  tbo  poruleni  inBammationi  obwmd  a{ 
human  sabjects,  in  which  such  ngeucios  as  those  '.u  -         ne- 
rated  may  almoBt  always  be  excluded,  we  are  alreii._  _         led 
ID  laying  it  down  as  a  rule,  having  practically  do  exceptiuDp , 
that  they  owe  their  origin  to  organised  infective  matenali. 
But  here  if   anywhere   in  the  uecctu>ity   for  Kharply  diettn- 
goishing  between  the  varioua  infective  organisms  appareDi. 
For  every  purulent  inflammation  except  those  just  mimtioiMd 

•  8chniidt-iliil!.i-iro.  *  A.  f.  rhysiol..*  1880,  p.  .13. 
t  lloruicidvi,  '  ZestMiiiT.  L  pb^oL  Ctidtuic,'  it,  p.  j68. 
I  SatniUchcwBltr,  ibid.,  ir,  p.  31  y. 

§  C.  Wrfjjert.  ■  VirrK  A..'  Uxii.  p.  8j  i  rf.  also  thb  wnt«r*»  tlboitj^MM 
artidv  "  Eatiftndun^"  tn  Guteabarg**  '  Rfalntejklap.* 
U  Riftd*!, '  D.  Z«ilwlif.  (-  Cbir.."  lij,  p.  447. 
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ia  infective,  bat  it  is  not  every  infective  ioflammation  that 
is  piirulcQt^.  Croupous  pacumonia,  the  pericarditis  of  rKea- 
matic  fcvor,  opidemio  angioa,  and  man;  other  maladies  are- 
Lruly  infective  in  their  nature,  and  yet  no  puruleoi  exudation 
:nr«  in  them  ;  or  should  it  set  in,  docs  so  only  bh  the  reeuU 
some  complication  or  sequela.  The  bacteria  which  pro- 
duce the  pus-poison,  or,  if  you  prefer  it,  themselves  act  as 
;h,  Bi-o  uuly  certain  definite  kinda.  Wo  have  mostly  to  tlo- 
»Po  with  orgnnisms  having  the  form  of  micrococci,  and  this 
mont  especially  the  cose  in  the  entire  group  of  suppurative- 
proceescs  to  which  the  terra  "sepsis"  in  its  widest  sense  is 
present  applied.  Under  Ibis  head  T  place  suppuration  of 
innds,  phlc>^unouB  erysipelas,  suppuration  in  joiuls  and 
mdular  organs,  metastatic  and  secondary  suppurative  in- 
mations  of  serous  membrauos,  and,  lastly,  pya>mic  suppa- 
^irin  with  puriform  softening  of  thrombi,  Sec.  The  orga— 
viBms  found  in  gonorrhoea  and  in  purulent  conjunctivitis  also 
)pear  to  have  the  micrococcus  form.*  Yet  you  will  not 
iclude  from  this  that  micrococci  and  pns-poison  are  iden- 
FoT,  OB  the  one  hand,  there  are  pathognnic  micrococci 
lich,  lilco  that  of  simple  erysi])elaR,  are  in  nowise  provoca- 
re  of  suppuration;  while,  ou  the  other  hand,  orgauiinns  in. 
iTj  roepect  distinct  from  micrococci  are  present  in  many 
rical  suppurations.  Thns  leptothrix-th reads t  are  some- 
ica  met  with  ;  further,  the  su-called  rny'fu»gu»  or  oc/imo- 
t,X  a  fungus  bearing  conidia  aud  eWdcntly  approaching 
[fly  the  hyjihomycelro,  which  was  first  recognised  in  cattle 
id  has  more  recently  been  repeatedly  observed  ia  man  ; 
lile  even  varieties  of  a  genuine  and  undoubted  mould,  the 
^tergilltu  glaucwi,  have  boon  found. ^  But  whatover  the 
of  thu  organisms  involved,  it  is  certain,  1  again  repeat>. 
ihat  in  their  absence  a  true  pathological  suppuration  occurs,. 

Xtiacr,  *  Hvd.  Clbl..'  tI^79,  p.  49;. 
Wilg»rt, '  Vinh.  A.,'  lsi»ir.  p.  314. 
|3  Bollinger, 'Med.  Clbl,"  1S77,  p.^Sii  IktmI. 'Vmrli.  A./Ixxiv.  p.  15  s 
1.,  lxxvtii,p.  ^ai  i  H<»enbMli, 'CtW.  (.  Cliir..'  1880,  No.  ig;  WMgert,- 
finih.A.,'luxiv,  P.30J.  Ttto  aun,  oUwTdd  b;  PuntKk.liiivH  not  j'et  been 
llydeinriVd.bnt  huveWcQin<>  known  thiwigti  Ivcturi<>,OTlucli  P —  luu 
1  la  MMne  of  \)n>  lorgor  luwni  of  (ipniuuij.  Itfrliu,  Btemcn,  BreelAo, 
|,  Ac;  «r.  •  Dr»!.  ajtt\  Zpitftflir."  1880.  X-.  la. 
r, '  A.  f.  Oi<litli«iunfl-,'  XXV,  Abtb-  3,  p.  355. 
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if  At  all,  only  in  tbo  most  exceptional  caan.     Ton  will,  ifcl 
any  rate,  do  well  to  hold  in  pr&cttco  to  this  principlo,  which 
haa  almost  never  (liMtppoiated  mc  t^iuce  I  adopted  it.      Wlien 
dealing  with  a  purnlent  peritonitis,  trj  to  discover  from  which 
of  the  orgailtt  bortlering  on  tlie  pcritoofuui  bacterid  tould  liavQ 
penetrated  its  cavity.     In  a  Euppurating  pblegmonoua  eryu-j 
pclas  seek  obieily  to  discover  the  wonnd  or  abrasion  oC  tlwl 
skin  nliicb  has  pcrmiLtcd  the  entrance  of  micrococci  into  tlui 
Cdlliilnr  ti.ssue.      When  yon  meet  with  genuine  suppiiratfam 
in  a  pystic  tumonr  of  the  ovary,  yon  may  assomo  with  alnual 
niathematicnl  certainty  that  if  there  was  no  other  aiiteoodont 
interference,  a  punctaro  nt  least  had  been  made ;  and  aioiilarly 
tbo  trocbar  hut  too  often  causes  an  ordinary  plenritis  to  chani 
into  the  purulent  form.     In  tbo  eye,  also,  organieinifi  are  Cho' 
solo  cause  of  tho  bjrpopyon  and  keratitis  after  sligbt  iniwy. 
of  tbo  oomca ;  and  to  them  it  is  due  that  a  purulent  panopfa-l 
thalmitis  follows  tbn  pansago  of  a  thread  through  the  eyeball. 
Hence  the  former  is  most  readily  sot  up  when  disease  of  tboj 
lachrymal  sac  already  exists.*     II.  Greiizmer,  while  expori- 
mentiug  in  our  Institute,  succeeded  in  passiug  threads  t 
the  globe  withoat  sorore  conseiiuuuces  of  any  kind,  a:;., 
secured  tho  healing  oE  the  eye  while  the  threads  romaincd  inj 
position.     This  result  was  attained  by  perfect  diBiDfectifin  uf 
the  threadu  themselves,  careful  cleauHiiig  of  the  sao  of  tlii 
conjunctiva  prior  to  operation,  and  nbnolnto  probectinn  bj 
antiseptic  bandaging  against  the  cntrsnce  uf  scbi/tMnycotrs 
into  the  interior  of  the  eyeball  at  the  point  uf  poociuro. 

We  have  to  notice  lastly  the  inHaiematiouB  vriih  a  blAodr,! 
haemorrhogif,  exudation,  or  the  hirmorrhngic  infian:: 
i.  e.  those  forms  in  which  the  exudation  cnntatns  so  m„ 
corpuscles  as  to  aeqairo  tho  polnnr  of  blood.      Ynu  an*,  htm- 
over,  already  art]  uain  ted  with  the  conditions  in  which  an  exuda-j 
tion  becomes  hromorrhagic.     This  occurs,  as  yon  i-  "  • 
bcr,  when  tho  retardation  of  tlie  blood-strram  iu  - 
area  is  so  oonsidorabla  a«  almost  to  givi- 
some  of  the  rapillBrieii.     But  thix  again  i 
severe  alteration  n£  tho  capillary  walls,  tt! 
either  from  the  exceptional  intcnuity   \ 
inflammation,  or  from  unusually  feet''-  ■  t.  -i 
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tile  part  of  vcfiscls.  To  whicli  of  the  twn  factors  the  cod- 
litiuQ  hIiouM  be  referred,  or  wkothbr  a  L-ombinatiou  of  b<ith 
present,  most  of  coarso  be  decided  by  on  oxamioation  of 
ich  iDdividaal  case.  luQammBtiuns  terminating  in  gun- 
ine  oft«n  have  a  more  or  less  hiomorrhagia  charact«r.  An 
■xt)ui(iit«lj  lifumorrhagic  pericarditis  has  been  observed  db  au 
lidemic  amount  Boldlera  and  sailors  wbo  hod  lived  lon^ 
under  very  nnfnvorablo  hypienio  iHmditions.  Severe  inflam- 
inations  of  su-callod  cotwtitutionat  orij^rio,  as  tbe  pleiiritis, 
poricarditis,  and  peritonitis  which  aro  aK»ociat&d  with  the 
rrupciou  of  tuberclos  or  cancer-nodolea  on  iho  affoctoii  mi^m- 
>r&ne8,  aro  speciallj  predisposed  to  bccwne  hieniurrh»)a^*i^ ; 
>robabty  boouuHO  the  veHsels  of  tbo  membranes  tii  question 
aro  often  tnrolvod  in  the  tnbcrcnioua  or  canocroan  process, 
id  altio  beeauRO  whatever  new  vcftsels  may  \h\  developed 
idor  nach  circnniBtances  aro  frnm  thr  first  provided  with 
iroperfi-ctly  formed  walls. ^ 

These  aro  the  principal  form«aflfliimed  by  the  inflammatory 
exndtttion.  They  liave  often  been  made  the  basis  of  a  classi- 
So4tion  of  iDflammations ;  yet  1  need  not  point  ont  that  the 
types  which  have  bceti  described  do  not  always  appear  in  this 
laru  imtuixed  manner.  Ilave  1  not  attouipt-L-d  to  explain 
low  the  bijundary  between  Korouti  and  fibrinous  exudations 
from  the  nature  of  the  cants  bo  ill-defined,  and  how,  on 
I olhur  iiand,  a  tibriuuuti  exudation  may  bo  trnnsfurmed 
ito  a  pnmlent  one  nndcr  the  influence  of  Iho  pns-poison  ? 
lenco  ic  is  not  only  conccivalile  but  necessary  that,  besides 
10  purely  serous,  fibrinous,  and  purulent  exHdntion«,,|!/jrinw- 
tMd  fbrino'purulent  combinations  should  exist.  But 
Bven  allowing  for  this,  yon  will  often  enough  meet  with  in- 
rfljunmations  which  do  nut  con-ecpoud  to  the  typL>a  as  deline- 
ited,  but  display  a  mora  or  less  different  habitus.  Indeed 
the  cxam]iU'H  last  cited,  the  hn'morrba^ic  pleuritin  and  peri- 
tonitis  of  Lubercio  or  rancor,  aro  strikingly  distinguished  from 
ktmplu  inflammations  by  the  presence  of  tuberculous  or  can- 
■  '  lies.  Yet  those  have  in  themselves  no  direct  con* 
.  the  inflammation  and  are  at  most  co-effects  of 
the  cauM*  producing  it.  At  other  times,  also,  it  is  usually 
"aou''  hilt  obscures,  or  even  effaces,  the  typical 

m;  urn.     Tu  this  CAtcgory  belongs  the  more 
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or  less  deep  neermis  occumng  id  diphtheritic  iDflammatioai, 
i(>  which  refurenco  has  alreadj  hc-cn  mode,  nnd  which  will 
aEtenvardH  be  discussed  more  thorooghly.  Herd  too  most  bo 
plttoed  the  varioon  phctiomena  of  degcneratum  and  rvpatr  which, 
lis  we  shall  nee  prcitcntly,  verjr  commonly  arise  in  Lhc  tru'm  tif 
inflammation,  nod  nndcr  the  icfliieDce  of  itx  pxciting  cauM. 
In  the  Ust  place,  the  phjMological  pccatiarities  of  an  orgto 
or  tisfiuo  may  help  to  modify  very  esseniially  the  conntitutioft 
oE  the  exudatiuQ.  Thns^  many  eletoeuts  combine  to  give  the 
simple  iiiflamuiations  of  the  mucous  memhrantt  a  pecaliar 
sliunp.  Inflammarions  of  these  membranes  may  W  acoom- 
panied  by  a  piindciit  exudation ;  not  only  so,  hut  the  bUnor- 
rh<eaji  of  the  urethra,  coujanctiva,  vagina,  and  occa«ioiiaUy  o£ 
the  bronchi  or  large  intestine,  present  some  of  the  best  oppor- 
tunitiea  for  observing  typical  acd  profuse  suppurations.  On 
the  other  hand,  Jibrinoas  isSammations  of  the  muooaa  mem- 
branes occur,  as  already  mculioued,  only  when  thoupithelitim 
liaa  been  totally  destroyed  or  has  undergone  necrosis.  Hcnca 
'when  no  coagulum,  bat  only  flaid,  is  poured  out  on  to  thv- 
sarfaco  of  an  iufliuned  mucous  niombruitc,  we  are  n  ''^ 

to  look  oil  the  process  aa  being  for  thin  reason  enpn  ild. 

That  commonest  form  of  inHammationeof  mucous  membnum^j 
eaiarrh,  is  an  example  in  pciiiit.  Of  ratai-rhal,  as  coalraMeil 
with  croupous  or  diidilJieritic,  inHamroatiuus,  it  is  ciuuweUn~\ 
islic  that  the  epithelium  is  not  lont,  but  living  and  aedve. 
True,  thai  it  ^ould  behave  quite  nnnnally  is  not  to  bm 
exjwctcd,  the  less  so  as  it  is  very  common  for  some  nf  the 
epithelial  cells,  or  even  hiyers,  to  be  involved  in  the  damag* 
done  by  the  exciter  of  in0ammation.  The  regular  appear^ 
ance  of  cpitbulinm,  and  of  matters  derired  frum  it,  in  the 
catarrhal  inflammatory  product  is  thus  witlioiit  dtfBctthjT 
Gxphunnblc.  But  few  Intact  epithelial  cells  v.'<".  '  ■  '  "  it> 
tho  exodatioD  as  a  rule ;  while  a«  regvds  ey.  ■>■ 

tivcs,  tho  knowledge  we  at  present  possess  of  tha  lifo-i> 
of  tlic  ejiithella  is   far  from   enabling   us   !•  '.ii 

certainty  ibo  origin  of  each  part-icnlar  (onu,  <>  *•> 

iug  us  in  pai-ticiUar  to  judgo  bow  many  and  -.a 

t»  dno  to   ■  iiive   priKePseis.      'Vh-' 

gOAal  epitli-.  I    Will  readily  attsume  > 

being  set  free  Erom  their  membmnuus  c 
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iderstood ;  and  £rom  Volkmaan  aud  Btoadener*  we  baru 
led  that  thwe  rcmarkablf.'  stnictnrea,  fonnerly  reg^irded 
proving  an  eiiduguiioas  formation  ot  pus-corpuscles  within 
IQ  elements  of  the  epitheliunij  namely,  large  cells  of  clearly 
)itlielial  character,  including  within  them  one,  or  it  may  be 
jvernl,  pus-curpasclcB,  are  really  formed  by  the  immigrntion 
or  inraj/inaliim  of  the  latter  into  the  epithelial  clemenU.      But 
litUed  amisboid  <xll«  have  also  frequently  been  seen  in  the 
laminatory  products  of  mocous  membranes  the  epithelium 
which  is  oilialod,t  and  what  relation  the  so-colled  mui^us- 
~eorpuscUx  hold  to  the  epithelial  cells  is  still  very  question- 
alo.      Yet  thongh  the  wholo  subject  still  requires  adcqnoto 
ivestigation,  it  has  at  least  boon  established  beyond  all  doubt 
lat  the  nnatomical  picture  presented  by  an  inflamed  mucons 
lembraue  corresponds  essentially  to  the  type  of  tnfiammations 
general.     Neither  the  overloaded  resseU  nor  the  immemw 
itititiea  of  pii8-cor[mscle8  are  wanting ;  the  latter  lying  in 
iseat  proximity  to  the  veins  and  capillnries,  an  well  as  dis- 
ibniod  throughoat  the  meshes  of  tht;  mucous  tissue  and  in 
between  the  epithelial  cells;  the  red  curpui^cles  are  aUo 
3ro  or  leHs  numerously  represented.     In  the  epithelial  cells 
the  mucous  glaads,  as  well  as  in  the  statiSed  mucous  epithe- 
itsclf,  the  well-known  hyaline  dropletn  are  often  t>een 
,  the  catarrh  is  recent;  they  appear  to  be  connected  with 
ID  production  of  mucin.     For^  however  its  composition  may 
in  other  respects,  the  secretion  of  every  mucous  mem- 
contains  mucin  ;  hence  wo  have  a  fnrthcr  peculiarity  of 
catarrhal  inflammatory  product,  no  less  charact'Cristio  than 
IB  occurrenco  of   epithelial  elements,  namely  the  constant 
^)r«seDce  of  this  Bubetance.     Tho  exudation  is  mtuotis  or  per- 
haps fnufo-purujenf. 

But  however  ill  or  well  detincd  these  vnrions  forms  of  exu- 
dation may  be,  their  most  important  feature  in  any  case  is 
that  they  all  may  be  traced  back,  as  has  just  been  attempted, 
one  inflammatory  proccsa.  Thus  they  nowiso  represent 
pffci*ences  in  the  process  itself,  but  merely  certain  modifica- 
>ni  in  tho  form  of  the  inflammatory  tumor.     The  process  is 

•  Volknunn  tni'l  R(«i]<1«ner.*MMl.  Ctbl.,'  1 8^,  p.  157  ;  Stendeaer,  M. 
thqilcu'i  *  A.  (.  mik,  Aoat..'  ir,  p.  tSS. 
t  £.  ^vumuu),  'ilwi.  Ctbl.;  1871},  pi  4i7* 
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ttliraye  iu  its  essence  ouo and  tko  same.  To  rorapitnlftle  ancu 
muri)  tlie  main  featuirs  of  intlammatioa :  it  invariably  cun- 
meiK^es  with  a  dilatRtiou  of  thu  vhsbuIs,  which  bdU  in  Mtber 
rapidly,  or  ekiwiy  and  gradually,  according  to  tlie  causa  of 
infldmiiialion.  In  tho  former  raae  Ihovssculnrdili'  ''  ■!<!• 
pt'uds  at.  Ural  nn  a  diuiinulina  uf  resistanre  duo  U>  <« 

of  the  tonns,  and  like  every  true  congestion,  is  accompanied  by 
an  acceleratiun  of  the  blood  •stream.  ThaeiCiB,  fur  example, 
in  inHamniatiun  after  scalding  or  the  eKposoro  of  docp-seatMl 
parts  to  the  atmosphere,  and  thas  it  wilt  certainly  be  wlwro 
the  sensory  nerves  of  the  affected  area  are  strongly  irritated 
by  the  cause  of  intiammntion.  Should,  however,  tlib  exciter 
of  inBammation  not  prodnce  an  immediate  lovering  or  com- 
plete relaxation  of  tonus,  the  dilatation  of  the  vestela  {•  •lowly 
developed,  iu  dependonco  on  llie  gradually  increasing' iaol#- 
cular  change  in  tlio  vessel  walla.  Yet  in  the  other  clau  of 
caaes  also  the  hyponeroia  of  ctmgostion  is  followed  by  this 
same  dilatation,  an  event  which  is  announced  by  a  further 
inerebse  of  the  calibre  of  tlie  vessels,  but  more  particularly 
by  tho  gradual  conversion  of  the  acceleration  into  a  slowing 
of  thu  bliM«l-gtream.  For  the  distinguishing  cUaractrr  «f  imo 
inflammatioB  as  compared  with  flaxion  ia  the  diminulian  in 
llic  voloL'ity  of  tho  Bow  throngb  the  dilated  vbsm  '  '  t<» 
tho  increafio  of  iho  rc-sistanco  arising  out  of  thi-   ■  .ur 

alteration  in  tho  vessel  walls.  "Wlien  this  point  has  bem 
reached,  and  pari  ji^i.^'mi  ^itb  the  slowing  of  tbe  ••'  ^te 

pnvrmentin)^  of  tlio  veins  with  t-olunrless  blood-ni  no 

accumulation  of  corpuscles  in  tho  capillaries  have  taken  plscv, 
thn  Jirtt  utayf.  of  inHsmmntion  is  completed.  At  least  ft 
a]ipeiirH  tn  tno  that  if  tho  sfrics  of  oventa  nnder  con-s  id  oration 
are  to  be  c1aiii;i6od  according  to  their  order  of  aoqnencD,  the 
most  untnml  art  i       it   will   lie  to  malce  i^'  '-J 

terminate  with  t'  'iishment  of  these  chav  ,  i;e- 

noroena  in  theinteriorof  the  vascular  Inmen*  Ucnc^.nmoog 
the  cardinal  symptoms,  only  the  n^mr  an'"!  ■  r.- 

guish  the  fii-sl  stsge  oE  inflammation ;  v  jd 

/unctio  Jjr#a  are  wont  to  be  present,  if  at  all,  only  in  t1i«ir 
cnrlieflt  beginnings,     Tlie  Inmnr  will  at  n  :i(, 

i>r  will  not  exceed  that  nf  simple  iluxion.  A 

of  the  inflammatory /timer  is  oharactaristio  of  the  i^ 
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yet  it  mast  be  admiU«d  that  this  stage  cannot  bo  sharply  dis- 
Uuguishod  from  the  first,  since  tbc  traniiudation  undoubtedly 
in  gradually  increased  as  soon  ns  the  stream  Iwcomc'S  eluwor. 
oatire  process,  which  up  to  this  point  digptaya  DraryTrfacrc 
0  samo  habitus,  henceforth  asaumea  the  most  different 
ihnracters  in  accordance  with  ibu  various  anatomical  rcg'inns 
which  aro  tho  scat  of  thoinflammation,  and  tho  various  modi- 
'ationa  which  tho  exudation  undergoes.  You  will  gladly 
lflpen>io  with  detailed  proofs  oi  this  &tatemcDt,  as  we  havo 
nie  time  ainco  and  also  recently  devoted  ourselvoi  witli  such 
oroughneas  to  the  diseussitm  of  the  <xmstttution  of  thu 
lour.  Nor  need  I  again  remind  you  with  renpect  to  tho 
ftcquenco  of  events  characteristic  of  inflammation  that  inflamed 
parta  hare  a  more  intense  red  colour  in  the  early  stages^ 
wbilu  the  more  abundant  the  exudation  and  the  longer  it 
lasti,  tho  greater  is  the  tendency  to  aasumo  a  gray  or  grayiah- 
jellow  buc — provided  tho  infismmation  in  question  is  nut 
hnmorrhagic.  But  whether  the  esudaiion  be  serous  or  fibri* 
nous  or  purulent,  whether  it  be  poured  out  into  a  cavity  or 
b^Bio  the  interstioos  and  meshes  of  an  organ,  it  may  be  said 
^^pab  when  it  haa  reached  its  full  development  as  rcgurds  distrj- 
^^ktiosandainonnt,lhe/'c<v'H(/A2ug(^iof  inllanimation  ia complete. 
^^fa|fais  Btnge  tlie  entire  pr^xx-ss  has  attained  tts  highest  pitch. 
PHBhg  followed  it  so  far,  rlic  question — what  is  its  subsequent 
history^  naturally  suggests  itaelf ;  and  we  shall  now  attempt 
to  answer  it,  the  more  willingly  as  we  may  ftiirly  antinipalo 
valuable  information  as  to  the  significance  of  inllnmrna- 
U  for  the  organism  will  at  the  samo  time  be  afforded  us. 
And  first  of  all  we  have  to  notice  that  tlio  coursif  of  an 
.tlamiiiHtion  may  during  its  devclopueni  Iw  any  moment  cut 
by  the  death  of  the  individual— a  much  rarer  occurrence^ 
it  tnie,  in  tho  first  than  in  the  second  stage.  Indeed  iherL* 
bardJy  a  morbid  process  whicb  more  often  terminates  in 
Bafc  ou  inquiring  iu  what  manner  life  is  destroyed, 
:■  find  llmt  the  d;uiirer  arises,  not  so  much  from  (he  <-ircn- 
ory  disturbance  itseit  at  from  the  secondary  ebmiges  called 
by  it.  In  this  respect  nothing  is  mora  important  than 
nxiu,  which  so  oftcu  Hccompaiiie?  inilanmiatioii  nf  uuy 
oi  riolenoo.  In  many  infective  iullamiDstioafi  tbifi 
in  even  before  the  circulatory  dititurbanco  haa  reached 
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«ny  considorablfl  degTfte  nf  Boveritj,  liut  is  in  otiiers  Sisvt- 
lopcd  in  direct  dependence  on  tho  inflnmmntion  and  iti  pr-v 
ducts.     With  the  expUnalioii  of  pyrexia,  it*  origin,  nad  it«] 
fliguificance  for  Ute  or^nifnii,  we  sluill  have  to  deal  in  trMt 

ing  of  tlxe  pathology  of  animal  heat.     If  tho  fvvvr  - 

panying  indammstion  does  not  lead  to  the  fatal  t^m 
it  is  mostly  definite  dcraiigeuents  of  ^mciin||  in  the  affected] 
organs  that  bring  about  this  result ;  but  for  these,  it  ii  eri- 
dent,  no  general  rules  can  lie  laid  duvro.     The  »i»ry  iincqi 
vital  impoi-tauce  of  the  variouti  orgnua  rendcra  it.  moreuTcr,] 
comprehensible  that  the  same  pruceee  may  in  aonio  caeca 
without  importance  ^ytwdcf  vitam,  and  in  othem  pniVB  fst 
even  though  tu  the  latter  it  should  bo  luati  violent  ondoxtrn- 
sive.     An  iiUlammalLou  involving  the  muaclaa  of  the  arm  or] 
leg  resultH  at  moat  in  a  temporary  impairment  of   the  fiur-'^ 
tion  of  the  exlremity,  while  one  attacking  Lhe  diaphragiD, 
the  interoo&tal  mui^cles,  and  moru  eh']iecta]ly  the  heart,  may 
prove  dangerous  to  life  iinelf.     Similarly  a  minute  ctmnn- 
scribed  inflammation  of  the  medulla  oblongata  is  a  very  grai 
affection,  while  the  whole  leg  may  bectime  inSamed  witfaotit 
directly  throateniug  a  fotal  rosnit.     A  peritonitia   i*  ipui 
^ftjigeroQs  than  a  plcuritts  of  much  greater  severity ;  be 
a  peflex  proceeding  from  the  poritonenm  maycanae  fi 
of   the  heart's  action — an  effect  which,  sii  far  ax  Wv 
cannot  be  produced  in  the  cam  of  the  ptenm.      £!xt<rimi 
pneumonia,  by  which  a  very  large  portion  of   the  lung  ii 
rendered  u^dessforrcspiratiou,  is  always  aeriouH.     Tho  ooB' 
atituiion  and  age  of  the  patient  also  play  a  part  not  difficult 
to  uuderatand.     A  catarrhal  iuflanimation  of  the  iui 
kills  a  bttle  child,  while  an  adult  easily  re^isti  the  digvatii 
disturbance  occasioned  by  it.     The  same   bronchitia  whi 
proves  fatal  to  an  old  man,  a  child,  or  an  individual  »•!.'' 
from  heart  diseaso  is  a  very  trifling  aifection  in  a  p> 
robust  health.     Indeed,  eren  simple  mechanical  oonditi 
may  have  their  importance;  for  an  cxudntire  laryu 
tmoheitifi  can  causa  suffix-ation  in  a  child,  a  duigtrr 
n  not  much,  to  be  feared  in  an  adult  with  hi*  munt  s^iai ' 
larynx. 

Next  to  thia,  the  most  unfavorable  of  all  tlie  p'linHbK' 
aioationa  of  isiUmmation,  may  be  placed  that  of 
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ntcroni.  The  local  combination  of  necrosis  and  inflamma- 
tion in,  per  yf,  one  of  the  most  freqaeiil  occurreuciw  in  patho- 
logy,  yd  two  different  modi  are  to  ho  distinguished  her?. 
With  local  necrosis,  as  conMituiing  one  of  the  commonest 
caases  of  inflammation,  we  have  ourselves  become  acquainted, 
and  we  shall  have  to  apeak  more  particularly  of  tbiH  relation- 
ship  when  diKcn»$ing  the  subject  of  gangrene.  We  shall 
then  find  in  no-callcd  diphtheritic  iullammation  a  process 
who8D  central  point  is  ncorosi»,  and  wbo^c  entire  coiirso  in 
determined  more  by  the  necroHJ.s  than  by  the  iuflamniatinn, 
Ou  the  other  hand,  there  are  not  a  few  cases  where  a  true, 
indubitable,  primary  inflammatiun  leads  to  the  death  of  the 
tiuaes,  and  to  these  we  Bhall  now  turn  our  attention.  I'lio 
possibility  of  snoh  a  termination  will  not  surprise  you,  if  yon 
coll  lo  mind  the  considerations  with  which  wo  introduced  the 
vnbject  of  inllamroation  (p.  247).  We  were  then  able  to  state 
that  inflammation  is  called  forth  by  those  howd  precisely 
which,  if  their  action  bo  either  prolonged  or  intensified,  cause 
the  dcBth  of  the  part  concerned.  Wo  saw  that  ai  the  seat 
of  application  of  a  caustic  death  is  the  result,  and  that  as  wo 
procc'ed  away  from  this  point  we  tind  in  the  t^urrounding  tissues 
aa  iullaiiiiiiation  of  gradually  decreasing  iuteninity.  A  jmrt 
when  exposed  for  a  abort  time  to  cold  of  —  6"  to  —  8*  becomes 
inBamed  ;  when  its  temperature  is  reduced  lo  —16"  to  —18° 
it  dies,  and  death  also  occurs  when  the  slighter  degree  of 
«old  hnx  bri;n  maintained  for  a  lunger  time.  lu  precisely  the 
same  way  wo  see  intlamination  of  an  ear  after  iscliKMnia  of 
twelve  hours'  dui-atinn,  but  death  after  this  condition  has 
loAted  for  from  twenty-four  to  thirty-six  hours ;  and  simi- 
larly ■  protruded  loop  of  intestine  inflames  Gr&t  of  all  and 
tbeo,  if  left  longer  exposed  iu  an  anpnttoctod  state,  dies. 
ThoM?  facts  make  it  oomprehonsible,  iu  the  first  plncCj  that 
certain  severe  inflammations  should  terminate  in  gangrene 
wblin  the  noxa  exciting  inflammation  rmiltnueJi  npfralim. 
Bat  ibat,  iu  tlie  next  place,  a  very  violent  inflammation  should 
j-'--r  -  .J  it^ad  to  mortificntion  of  the  nffected  part,  even  in 
C-  <'(*uf  this  aggravating circumilnnce,  adinit-s,  [  think, 

of  explanation.  Yon  will  constantly  bear  in  mind  that  tbe 
tmmI  wnlU  are  living  organs  whuso  metabolism  is  probably 
ynf  Bctire.  and  whose  life,  like  thai  of  all  portions  of  the 
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animal  hody,  is  intimately  dupendcot  oa  tlie  consUuit  nuhii 
tanance  o£  a  certain  regulnrity  of  the  circolation.      "Sow, 
iiie  vessels  ivlnch  havo  been  nffected  to  u  liigh  dcgnjo  by  ■□_ 
intense  noxa  were,  tbe  moment  this  noxa  ceases  to  operat 
again  snpplied   by  the  normal   blood-strenm,  it  ooutd   no 
reasonably  be  doubted  that  their  normal  oooslitutiou  woul 
after  a  longer  or  shorter  period  bo  restored.      In  realit 
however,   the  blood-stream    is    under    these  circnmstaoc 
thoroughly  abnormal,  in  particolar  markedly  retarded  ; 
what  conld  bo  more  natural  than,  that  the  vitality  of  the  capti 
larics  in  which  the  flow  has  boen  for  some  time  greatly 
dacodj  through  whose  walla  moreover  a  inmsiidatioti  •>(  *.i 
tirclr  altered  character  porcolatei),  shoald  beoomo  feebler  ani 
fooblcr  and  finally  be  extingabhed  ?  Stagnation  t ' 
ttturu,  i.  e.  comjilctK  stand'f'lill  vf  the  hlvid  'vith  ^-in 

and  whoncrer  a  somewhat  extensive  stasia  has  oocarred  in  a 
part,  necrosis  is  the  inevitable  result.      You  now  ODdtfrataod 
bow  it  happens  that  inllammatious  which  terminato  in  gan- 
grene so  readily  acquire  a  haimorrhagtc  charactnr.      Ratbt 
the  connection  is  the  reverse  oE  this;  infiammtttiot%*  of 
severity    a«    to  be    altended   by    hmvwrrUatjic    rxudaHtm^' 
fpeeiaily  predtspotHxt  to  end  in  neeroaia.       Thus  when  in  a 
rabbit's  ear,  from  wliich  the  blood-supply  has  been  viit  off 
for  from  sixteen  to  twenty  hours,  yon  see  nmnorona 
bBBmorrhageB,  you  may  with  absolnte  certain^  oonnt  on 
speedy  appearance  of  moro  or  less  citonhivc  '■ 
a  sequel  to  the  large  priioary  typically  in^aui' 
Tho  variable  dimensions  of  these  necroses,  tt^'ether  with 
oircnmstauce  that  for  their  production  in  some  animab 
isehannia  of  sixteen  hours  suffices,  while  in  others  an  iHib«itiij 
of  twenty-four  hours  is  required,  is  very  naturally  explainabli 
from  tho  unetjual  powers  of  resistance  in  different  individnalB.I 
This  is  a  factor  the  importauoe  of  which  is  apparent  in  hnoai 
pathology  also  ;  for  it  is  owing  to  tho  feeble  powers  of 
onoe  posftossed  by  the  vdhscU  in  certain  coi;  -A 

that  inOanunatioiis  so  readily  as5tinte  a  gangr •.-.-. 
as  a.  g.  in  diahelie  or  kydranaie  individuola  and  p> 
wise  debilitated  ;  hence  more  ;■ 
lilte  manner  very  slight  injari 
would  hardly  be  followed  by  an  i 
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%l6ni\iy,  Ate  capable  of  prodacing  extenaivo  and  deep  db- 
11*  ia  parts  whcro  hypostatic  congeatioQ  exi»t« — a  setjaence 
tampl^s  of  wbicb  are  but  too  oEtca  presented  in  the  bcd- 
>mi  of  typhoid  pationtSj  &c. 

Coutrastiug  witli  these  unfarorable  tenninatlons  of  inSam- 
latioii  urc  tho  favomblo  oaias,  among  which  by  far  the  most 
Icsirablo  is  complete  recovery,  restitutio  in  inltigrum.  Let 
pMS  orer  for  a  time  the  repair  of  tisanes  which  moy  haro 
been  damaged  or  altogether  destroyed,  and  confine  oarsclres 
jost  now  to  that  most  essential  element  in  inflammation,  the 
^rcalntory  disturbance  itself.  It  need  hardly  be  stated  ex- 
aasly  that  the  circalation  will  be  more  oaaily  restored,  the 
advanced  the  inflamDiation ;  in  tho  first  stage  succesn  is 
10  rule,  in  the  second  it  in  also  very  freqnent.  Restoration 
of  course  irapoKsible  till  the  intjamuiatory  process  has  been 
lieoked  ;  and  to  this  end  tho  cause  of  inflammation  mast 
ir»t  be  got  rid  of.  Au  ex|}Osed  part  most  bo  replaced  ander 
natural  coverings ;  canstice,  foreign  bodies,  dead  particles 
last  bo  removed ;  a  stop  must  be  put  to  the  progress  of 
itrefnction.  This  object  is  already  achieved  before  the 
Ivrelopmcnl  of  intlammatiou  in  those  cases  which  aro  the 
Milt  of  I  riinsitory  actions,  e.  g.  scalding.  Bat  it  is  neccssaiy 
remove  not  merely  tho  cause  but  tho  effect  of  inflamma- 
»on,  the  alteration  in  tho  vessel  walls.  Hero,  however,  the 
remedy  is  '-•>  ijmo  presented,  for  it  is  nothing  else  than  the 
rculiiti}uj  lilitml.  It  is  ihift  that  maintnins  the  composition 
id  function  of  tlie  vessels  normal ;  an  office  performed  for 
le  endothelium,  and  probably  also  for  the  non-vasoular  in- 
by  tho  blood  flowing  through  the  vessel,  and  for  the 
imaining  coats,  in  the  case  of  the  larger  vessels,  by  the  blood 
the  vasa  viMorom,  Whenever,  owing  to  the  action  of  some 
ijorions  agency,  or  in  conseqnenco  of  deprival  of  its  nutri- 
it  bluDil,  tbu  vessel  wall  has  undergone  alteration,  the  cir- 
ilnting  normal  blood  is  the  simplest,  most  natural,  and,  in 
ly  i'a.so,  most  effectual  means  o£  restoring  it  to  its  original 
:i,  This  will  be  the  unfailing  result  except  where 
.  y  to  the  avails  has  been  too  severe  and  thore  is  prc- 
ihat  ciTcniuH  vitiiifug  with  whose  pernicious  effects  we 
-r-'  '  r-ome  ncqitaintcd.  Should,  however,  the  phyaio- 
:icc  of  tho  circulation  get  the  upper  haad,  tho 
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vesEol  walls  gruduall^  rejfain  their  nofmol  cbamot«r«, 
the  flow  through  them  is  restored.  Moreover,  tba  el 
fnnctioa  oE  the  pfajsiciaa  is  eitiiply  to  maiDtain  as  fftr  tui 
poaaiblo  the  oircuUtion  ;  the  restoration  of  the  ressol  wallf, 
if  reooTcr;  is  still  possible,  will  then  tAke  place.  And  from 
-these  oonsi derations  it  furthormore  bocomes  npporeul  wh; 
inflam  mat  ions  are  tront  to  be  more  fatal,  and  to  liavt  a 
specially  tedious  course,  in  porsons,  the  constitittion  of  wfaow 
'blood  is  defective,  or  in  whose  circtilatory  apparatus  Mnne 
dorongement  or  other  exists.  The  more  physiolo^cal  end 
regular  the  constitution  and  circnlation  of  the  blood  in  any 
individual,  the  more  easily  and  certainly,  ca'f^ri*/i/ii'i7,«.«, 
the  restoration  of  the  vessels  take  place. 

Now  when,  fts  restoratiou  progresses,  the  vessels  re 
their  normal  calibre,  and  the  blood-stream  its  nortnnl  vetf 
when  the  pavementinj^  and  accamolatioD  of  b1ood-corpu«cl( 
as  well  B8  the  abnorinal  transudation  ceases,  an  iaflaini 
which  has  not  substaatially  passed  the  5nit  stage  is  t\ 
npoD  at  an  end,  and  the  re-establishment  of  the  original  coi 
^itions  existing  provinuKly  to  the  inflammation  is  c 

When,  on  the  other  hand,  it  hns  gvne  as  far  as  tbo  

tion  of   a   tunurrj  the  exudation   must   dii>Appear  tiefore 
inflamed  part  can  regain  its  normal  cbaractL-rs.     As  far 
the  fluid  portion  of  the  inflatnmator}'   transudation   is 
oemod  this  is  readily  efl'ecLiMl ;  it  ia  simply  sucked  up,  al 
— by  far  the  greater  partj  appiirently,  by   the   lympl 
Henoe  it  is  that  an  inSammnti^ry  oedema  or  serous  cku< 
is  wont  to  rapidly  disappear  after  the  integrity  of  the  Te«rl 
is  restored  and  a  stop  put  to  renewed  trnn-^iudation.      Hut  tl 
corpuscular  elements  and  the  fibrin,  if  present,  may  aUa 
pletely  dUappear,  provided  they  do  not  exceed  »  m< 
amount.     The  colourless  blood-corpnsclei,  eqnally  with  tl 
fluid,  are   free  to   enter   the  lyniplidtics ;    into    tbew    thv 
migrate,  are  tlUptrtifd — as  with  a  correct  instinct  it  baA  fa 
s^e  been   popularly  called— in  the  lymphiitio  vhaanels,^ 

•  CotiDhcira, '  Vlrch,  A..'  xl.  ji.  i ;  Hprinp, '  Wion.  ikaJ. 
Abtli.  1.  Xnvbr.,  1867;  A- lI*IUf, '  rttt'iiUi-lninfTKn  i\\<tt   . 
|tJing*li.<I.  EnlxunduDK,'  Eriuigen,  IC61;;  K.Thnitu,'  ! 
fftrbl.  Ulati<^rpctvli«u  r.  d.  Blul*  lo  dsa  hjtafh^Um-^j'i—j'-. 
1873. 
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The  few  red  corposclea  gradaally  lose  their  pigment,  and 
vt\y  (iisiategrate,  aad  of  tlie  fibrin  vren  no  trace  remains ; 
la  substance  being,  it  would  seemj  first  transformed  into  a 
fatty  emulsion  and  ibcn,  like  the  fluid  and  white  corpuscles, 
Uken  up  by  the  lyinphntics. 
^^  Accurdinglv,  when  inflammation  termiDstes  in  Ibis  way  per- 
^^■ct  restoration  is  accomplished  without  any  loss  of  material. 
'^bj  the  organism,  in  so  far  at  least  as  such  has  not  been 
oocaetoDud  by  pyrexia  or  tiome  accidLmtal  circamstanct?.  The 
roftlisation  of  this  termination  is  materially  interfered  with 
when  the  exudation  has  become  very  balky ;  as  e.  g.  in  a 
iorgt)  pleuritic  exudation,  an  extensive  pneumonia,  or  a  phleg- 
moooQB  erysipelas.  It  is  evident  that  the  recovery  of  the 
veuel  walls  must  in  these  cases  also  precede  the  romoral  of, 
the  prodnots  of  inflammation^  if  the  removal  is  to  be  really 
final.  Vet  a  very  bulky  exudation  is  certainty  not  condncivo, 
l>at  i-athcr  unfavorable,  to  the  restoration  of  tho  Tossol  walls, 
becaoso  of  the  impediment  it  offers  to  tho  ciroulation.  And 
I  eveo  after  the  recovery  of  the  vessels,  tho  resorption  of  eui 
^HsndatioD  which  may  bemeasared  by  tho  litro  is  not  of  coarse 
^^0  simple  a  matter,  or  so  rapidly  efiected,  a»  where  it  amonnt« 
to  a  few  grams.  For  though  the  lymph-stream  is,  as  we 
formerly  determined,  more  active  in  inflammation  than  under 
rmal  conditions,  and  the  absorbent  power  of  tho  lymph»- 
is  then  undoubtedly  increased,  there  continues  to  be  & 
'  severe  strain  on  tho  capacity  of  the  latter.  This  is 
ially  the  case  inindividnale  who  have  just  passed  through, 
■evere  iatlammation,  resulting  in  a  considerahle  rodnc- 
n  in  the  energy  of  the  l>lDod  and  lymph  circalatiou  i£ 
0  lymphatics  have  theu  to  set  about  absorbing  several 
hundred  cubic  centimetres  of  exudation,  in  a  short  space  o£ 
time.  KoBorptioD  will  certainly  take  place  very  slowly,  bo 
^^^al  it  is  always  very  desirable,  if  opportnntty  offern,  to  ex- 
P^edite  the  process  and  help  forward  complete  restoration.  As 
long  as  tho  pnlmonary  alveoli  are  still  filled  with  exudation. 
they  can  take  no  part  in  the  exchange  of  gases,  even  though 
the  vrsscl  walls  have  already  recovered  and  the  inflammation 
therefore  at  an  end.  A  joint  will  continne  useless  as  long 
its  cavity  is  filled  with  fluid,  although  the  abnormal  transn- 
baa  ceased  to  be  secreted  by  the  synovial  membrane. 
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In  sucti  coses,  where  resorption  proves  inndetjuAte  or 
pleaAautly  tedious,  the  recovery  of  the  palteut  in  ossentiiUlyl 
furtherud  nhen  a  portiou,  or  even  the  wbule,  of  tlic  exod*- 
tion  is  removed  externally.     When  maoouB  niembrmiira  iu« 
inflamed  the  removal  ia  effected  spomauyiuRly.      In       ■ 
or  passuges  frhicfa  communicate  with  Uie  exterior  of  tL. 
like  the  bronchij  pulmonary  alveoli,  and  nrinury  p«aitkf*(ii 
free  escnpe  is  also  provided  fur.      It  is  true  that  boforo  ttial 
cxadation  can  be  removed  spontAocoasly  its  solid  part4  mu*t 
undergo  liqnefaetion.      This,  hoirover,  is  the  role  ;  nod 
bave  already  pointed  ont  that  iinresorbed  cells  tu  well  an  tfai 
deposited    librin    invariably  soont-r   or  later   nndergo  /'iWj 
m^tamurphcsis.     As  the  reealt  of  this  tranHfurmationf  int 
the  history  of  which  we  cannot  at  present  enter,  the  iuAmd- 
matorypruducls  graduBlly assume  a  markedly yellowiaheoloi 
ation ;  so  mocL  no  indeed  that  io  pneamouia,  for  oxample^ 
we  speak  of  a  stage  of  y.llov!  h'patif ation.     fJtilt  naore  dc 
serving  of  notice  is  the  formatiuu  of  an  cwnUiun-like  Itqt 
which,  in  bo  far  as  it  is  not  absorbed,  may  flow  nway.     IT 
a  pulmonary  infiltration,  having  iindcrg-one  liqnefaclion,  is  iirl 
greater  part  expectorated,  and  tlioro  rt-mnius  to  be  afawrbed 
only  that  portion  of  the  intltimiuati)ry  product  which  is  ludgtsl 
in  the  alveolar  septa.    Similarly  in  inttammations  of  the  mncoasj 
mombi-ano  only  the  intiltration  of  the  tisanes  is  removed  b; 
absorption.     In  other  parts,  with  which  thcro  is  no  ezterni 
eommanicatinn,  the  fikili  of  the  snrgeon  comes  to  the  aid 
nature  by  artificially  o{>ening  a  passage  for  the  escape  vif  ll 
abnormal  Huids  ;  an  incision  is  made  into  an  »t?fco«s,  paac- 
tnre  or  a  radicttl  operation  is  performed  io  pleuritic  exuda- 
tions, the  mastoid  process  is  trephined,  and  so  forth.      Such 
a  procedure  is  more  especially  to  be  commendtKl  in  puruleaCj 
exudations,  sinco  with  a  suppurnting  surfaoo  absurpiion 
wont  to  be  either   completely  susjirndcd  or   rc<)ai:od    to 
minimum.     The  material  thus  drawn  off  is,  it  is  true,  lost  In] 
the  organism  ;  and  in  this  respect  Huch  a  mvlhod  of 
apparently  falls  short  of  that  through  absorpt:  ,--'-- 
the  importance  nf  absorption  must  not  be  ' 
fatty  emulsion  into  which  an  exudation  i»  tmn-  i^iui 

cortninlj  no  grr-ater  vaJno  for  the  or;-  ~ ' 

anj  solution  of  albumen,  fat,  tuid  h... 
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tr&tioD.  Tlius  the  loss  can  be  made  good  by  increaaing  the 
RuppI;  of  iiourishmout  to  a  correspoatliQg  extent  after  the 
last  reinaiiiiiig  products  of  the  di&caso  have  beou  disposed 
oE  by  tht>  operattoD.  The  f^^iD  to  the  orgajiism  from  such  a 
procedure  in  incomparably  greater  than  the  loss. 

A  therapoiiiio  meaBuro  of  this  kind  is  the  more  clearly  in- 
dicated, wherovor  at  all  posublo,  as  cxndatioos  may  meet  with 
II  worse  fnle  than  hIow  absorption.  In  exudaiiunH  of  some 
maguitude  ii  is  by  no  means  nDCommon  for  the  trausFurma- 
tion  into  a  fatty  emulsion  to  cease  after  a  time,  whereupon 
the  liquid,  but  not  the  solid  portion  of  the  exudation  ia  ab- 
sorbed. The  exudation  then  becomes  iii»p{esated,  and  is  trans- 
formed int^>  a  ydiotcish-tehUe,  f^tutctouv,  more  or  le»$  dry  ma»$ 
of  the  conaistency  of  soft,  oily  cheese.  When  this  change  has 
uccarrad  further  absorption  is  practically  impossible.  Un  the 
ouotrary,  the  caseons  masses— which  are  not  to  be  confounded 
with  the  caseous  products  of  tubercle  and  scrofula — them* 
f«lves  generally  act  as  foreign  bodies,  and  excite  a  fresh  in- 
flammation around  them.  During  the  course  of  the  inflam- 
uatioti  a  kind  of  capsule  is  formed  as  the  re«ull  of  processes 
which  will  shortly  occupy  our  attention  more  closely.  Bat  tho 
innpinsatton  need  not  even  stop  hero ;  the  soft  mass  becomen 
firmer  ;  lime  salts  may  bo  deposited^  and  lead  to  the  formation 
of  chalky,  morlar-Ulep  concreivnui.  In  themselves  the  inspia- 
■alcd  exudations  are  comparatively  harmless,  especially  when 
calcified,  any  infective  organisms  that  may  have  been  present 
hiiviog  long  since  perished.  Yet  their  bulkalono  may  make 
them  injuriously  burdoiuome.  Still  more  important,— the 
pri'senco  of  such  encapaaled,  inspissated  exudations  renders 
A  complete  rtntituliv  m  integrum  impossible.  They  remain 
OS  fnr»  mitiori*  reginUmtim,  in  which  on  slight  proTocatiou  a 
froah  iuflammation  may  at  any  moment  bo  developed. 

WlutOf  however,  the  exudation  is  the  product  of  an  »n/ce- 
live  inflammation,  whether  this  character  has  belonged  to  it 
from  the  first  or  been  subsequently  acquired,  the  removal  of 
tho  exudation  by  operation  is  of  still  greater  importance. 
for,  iu  the  first  place,  the  ioQammation  here  serves  as  a/ocu« 
'//  ti]/ee tion,  whence  there  proceeds  that  action  on  tho  centres 
contmning  the  bodily  temperature  which  leads  to  pyrexia, 
uliilc  in  die  second  place — and  this  is  of  more  concern  at  pre- 
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Bent — netc  htjiammativn*  having  a-nalo^iu  charad^rs  &r9  in*1 
duced  by  it.  These  aecondary  iufiammattooe,  Dulike  the  metiu- 
tatio  form  preriously  dutcussed,  are  ueated  iu  tha  iirai  uutuwa 
IB  the  immediate  neighbourhood  of  the  primary  focus.     Dnderl 
this  head  comes  the  implication  of  the  pericardium  iu  pluu- 
ritia^  as  well  as  the   pleuriiin  superveaiug   oo   periiouiliaj 
and  in  the  same  category  mast  be  placed  that  form  o{  erj- 
sipelas  which,  under  the  name  of  prwjnssirc  phlegvwn,  la  to' 
justl}'  dreaded,  also  the  purulent  inflammation  so  often  ariniDg 
arouud  a  suppurating  joint  without  perforation  of  the  c«p- 
sale,  as  well  as  the  secondary  arthritis  occurring  in  erysiptilsa 
of  the  periarticular  tissues.      But  the  commouest  exampltf  in 
preHLtnted  by  the  extODsion  of  the  inflammation  aloo^  the 
iymjilndicit,  and  the  secondary  inflammatory  sweUing  of  (luyj 
lijmphalic    glandg    into    which   the   iiiiplicftted   vcssoln    di 
charge  their  lymph.     The  peculiarity  of  theso  ioflnairaalioD 
iu  which  8  ]>hlotjogeuic  puittun,*'  aa  it  is  called,  ileTe1op»,  has-' 
loDg  been  fumiliar  to  pby&iciaus.      The  inllummatiou  s«t  up 
around  a  simple  fracture  is  nerer  prvgre-wive,  nor  is  thenij 
any  danger  that  an  erysipelas  due  tQ  a  bum,  or  a  k 
produced  by  a  caustic  may  become  so.     Yuu  will  uot  v  -.. 
this  progressive  character  with  the  teudoncy  of  an  inthunms- 
tion  to  Bpreud  eqaally  in  all  directions  around,  say,  au  ekcliarf 
for  in   the  latter  tho  disturbance  becomes  gradually   les» 
marked  from  the  centre  towards  the  (^rcuiiiferenco ;  in  tlia 
progressive  creeping  iuflmumation,  on  the  cuntiiir  tm* 

severe  and  pernicious  characters  nre  mvariablyiii  ;     ^     -i^**. 
uiatter  what  the  distance  from  the  original  focna  may 
Wo  may  therefore  conclude  that  this  phlog.^   ■ 
altogether  unconnected  with   the  simple  pri  < 
ination,  a  conclusion  which  is  borne  out  by  the  cousideratioa 
that  it  would  be  impossible  to  understand  lutw  um'' 
a  moment  before  Imd  been  constituents  of  the  i^ 
lating  blooil  should  prove  tto  daugerous  on  leftrinj<  ike  rea?< 
But  I  have  already  indicated  »  herein  the  ee-- 
cesses  oonsisls  J   thetf  are  in/'xtiir   ifjUintimi.'  , 

*  VbdiDW.  'On.  Abhdl./  p.  7031    BillroUi,  'AllfH'ni.  iMr.  r^fK-,I 
Thei^*;'  "  ToW  d.  Tcibnitiitiitiwfgo  d.  culfll.  ?i 
*V<irtng«,*  No.  4:  '  irutenm-liutiiftu  ukr  Ctmmbut** »  ^'. :.!■«, 
1834. 
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ductit  act  iu/ecticeit/.  Siuue,  liowercr^  vo  convinced  oarselves 
wkeu  L>unsidorm^  tlu>  causes  o(  tiitlnniinattan  that  llio  pamsittc 
tbtMry  staiida  iu  Lj  far  the  closest  corrcKpuudoDce  wicli  fMCts, 
it  is  bat  a  step  to  the  assumption  that  bacteria,  or  the  decom- 
poBitio&fi  a&t  np  hj  thenij  are  the  agents  in  the  progressir^ 
iuflammationB  oIbo.  Nor  does  this  assumption  rest  on  merely 
hjrpaLhelicul  groonds.  Tbe  keratitis  originating  in  a  simple 
injary  to  the  coniea,  or  produced  by  passing  a  clean  thread 
^ruugh  its  substance,  never  attains  any  great  dimcuaioos^ 
It  soon  begius  to  heal  after  tbe  thread  has  been  expelled, 
the  epithelial  covering  rei^turcd,  as  tlio  cane  may  be.  But 
it  at  tbe  laiiie  time  the  wound  bu  luoculattnl  with  septic  uute- 
cuutaiuiug  bacteria,  a  severe  intiuuimaliou  with  a  pro- 
naunetd  timdrnrij  to  xjtreuU  ii  rapidly  duvt'loped,  hypopyon  is 
idily  set  up,  iritia  and  uhoruiditlH  may  beconio  associated 
btb  it,  and  even  complete  panuphthalmilis  sQpervene.*  1 
tiad  you  further  of  wound-erysipelaa,  in  which  colnnies  of 
licroooeci  oocupj-ing  the  tiuest  lymphatics  aud  int-ersticeB  of 
the  akiu  have  been  observed  by  Lukomaky.t  Tbeir  presence 
could  always  bo  uioro  certainly  counted  on  in  tho  parts  most 
:cDtly  affected  or  in  the  tiasues  which,  immediately  bor- 
iring  on  the  latter,  would  presumably  be  the  next  to  become 
ivolved  in  the  process.  But  perhaps  the  most  convincing  ex- 
Ample  of  bucterial  influence  in  these  progressive  iiiHaoimations 
u  afforded  hy  pyelviiephritU.  For  here,  as  was  first  pointed 
It  by  Klebs.J  wo  never  fail  to  discover  culonie^  cf  micntcoeci 
the  wiiiari/  tuhulai,  wbcra  tlio  inflammation  is  still  recent 
id  less  advanced.  To  Ibia  point,  though  opposed  by  the 
low  of  the  stMrctiou,  tboy  have  travelled  along  prc-formed 
iths,  and  whorover  they  bavu  gone  iuUammatiou  has  accom- 
tDiod  them.  Vou  will  not  have  failed  to  uotico  huw  well 
aasuuption  of  bacterial  agency  harmoni^-s  with  tbe  idea 
It  the  propagation  of  an  inSammalion  takea  place  along 
le  course  of  tbe  lymphatics  and  lymph-spaces  of  the  con- 
»ctive  tiasues.  It  is  certain,  iheu,  that  in  a  number  of 
progressive  intlamiuaiious  the  exUnsiuu  of  the  diseoBQ  u 

!•  8t«wu)jflr, '  Med.  ClW.,"  1873,  No.  31  ;  kn\\.  f.  Ophthalm..'  afar.  Abth. 
Ip.  I,  uii,  AbUi.  2.  p.  iOI. 

T  Lalwonkj, 'Viirli.  A.'lt,  it.418. 

2  Kl<K  '  Jlab.  d.  ratb.  Arul,'  fkl.  i,  p.  6s4. 
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fjfirtfd  by  mirnh«rgam.wu ;  in  the  remaini^or  a  nmilar  orpU- 
nation  is  At  least,  ymi  will  ntlmtt,  n  rori-  tcg^tiiDate  liyp*'>tlii>«i«, 
for,  should  yoii  not  turcept  it,  you  must  liava  recourse  to  othvr 
much  more  obticure  chemical  docompusitioos,  by  wlitch  Ui« 
inflammatory  product  could  awpiire  ii«  pill'  'ot. 

Hut  wliatever  lio  ynur  iaterjirvtutioa  of  tn         ;  .it* 

aC  any  rate  certain  that,  aa  bait  beeu  dwelt  upon  more  tliaa 
oaee,  they  belong  to  the  domain  of  Uit*  iofect  ive  intlainniatJonii, 
uud  thin  beiug  so,  it  in  easy  to  undortitand  bow  it  bappoiu  J 
that  we  bavo  to  deal  in  the  vast  majority  of  cases  with  Eup- 
piiralivo  procoBses.      l*yeIonephriti»  is  a  typically  ^uppn^l• 
tivo  iutlauimaiiou  ;  in  progrosFive  koratitia  Eupparatiou  of  ibo 
whole  eyeball  often  occurs,  and  no  other  kind  oC  perilomtia 
is  so  liable  to  involvo  the  pleura  ns  tho  BUppupativo  form. 
It  has  already  been  .stated  that  the  inflaramations  of  tho  jotnta 
mod  cellular  tissuefl}  in  which  an  inaidiooa  extension  of  the! 
disease  i»  so  ppcatly  t.o  bo  npprrhendod,  and  which  are  ko 
commonly  attended  by  lytnphuitgitiH,  belong;  to  ibo  Auppura* 
tive  doss.     In  riew-  of  theno  facts,  I  need  hardly  enter  apon 
a  dctntled  discussion  of  the  adrantngcs  accruing  to  the  org»> 
nism   from   the  removal  by  oiteratiou  o£  such  iutlammatcry  ^m 
producta.      Clearly  the  earlier  the}'  are  got  rid  of  tli«  better  j  ^| 
the  pbysiciau  should  jirevnU  further  infection  whurfver  it  \»  ^™ 
possible  to  do  so.      But  eveu  wbi-u  we  have  tu  dual  wjth  aa 
abitcess  whoso  plilogogeoic  cbarncter  w  no  looj^er  donbtfal. 
and  which  has  already,  pi-rhapt*,  given  evideuce  of  its  natuiv, 
the  removal  of  the  pu:^  ia  very  desirable,  iuasmnch  na  abeorp- 
tjon  by  the  lyraphiitics,  and  infection  erf  the  lyuipbatio  ayiten, 
occurs  more  easily  and  certainly  in  proportion  to  the  atnonst 
of  tension  to  which  the  t)i!r<-uc-meslic!<  are  exposed  bhrtiagk 
the  presence  of  tho  inflammatory  infiltratinn. 

IF  the  opcmtivo  removal  of  ilio  inflnmmatctry  pr  -••■ 

nnderdiscuKsion  were  only  always  iKiSAJblo  I  True,  ....  ,...iolr 
■urgical  inflammations,  phlegtnonoiiA  cryiiipelax,  luippuralitiii* 
in  joints,  &.0,,  do  not  nsnatly  preseat  any  difficulty.  Ill* 
occurrence  of  puerperal  peritonitis,  »s  well  m  itit  oxtniaiM 
to  tho  pleura,  may  alao  occasionally  be  ptijV0tit«4  by  opera* 
tive  trcatmeut  of  the  phlegniouoas  parametritis.  Bol  to  bar 
the  advance  of  purulent  pyelitis  to  the  kidnur,  n-'  •*  •'  ia 
avoid  tho   development  uf  a  pyelonepbriLis, — to  .it. 
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the  phvsioian,  despite  all  tho  progress  mado  by  our  art,  is 
Bill  practically  powerless,  Tlio  same  applies  vith  still  (greater 
jrce  Ig  the  BO-Cailed  SKCondarij  iiijltimmatitmt,  whlcU  belong 
exclusivelj  to  Uio  provincti  of  iaternal  mediciuQ.  A  trac 
croupous  pneuiDoniu  may  lead  to  iibriuous  pleuritis — n  result 
which  comes  under  the  bead  o£  iatiamiDatiou  aprcadiog  by 
oontiDuity,  but  it  may  also  be  complicatod  by  nephritis  or 
by  meuingitis.  And  although  it  might  be  said  that  the 
kidneys  inflaaio  because  tho  iufcclivo  poison  is  clitninatcd 
Irom  the  body  by  ihoso  organs,  an  attempttid  czplauation  of 
this  kind  does  not  meet  tlie  case  of  the  pia  mater.  Yvt  here 
we  have  a  trae  itiflamniation  iu  no  way  distinguishable  from 
a  primary  or  epidemic  meningitis,  and  unless  one  is  satisfied 
10  adopt  a  must  improbable  hypothesis,  and  to  nssnmc  in  so 
many  cases  tliat  tho  same  iodividnal  is  Hrst  infected  with  the 
rirus  of  pneumonia,  and  then  with  that  of  nephritis  or  aracb- 
iiitiR — that  we  havo  to  deal  with  accidental  combinations  of 
independent,  wholly  unrelated,  infective  diseases — there  re- 
mains, go  far  as  I  see,  nothing  for  it  but  the  view  I  have  just 
annuUDced.  The  nephritis,  endocarditis,  or  meningitis,  which 
■aperreoes  on  pneumonia,  is  a  seeondary,  or  (to  employ  n 
(aTOurite  ierminua  teehnicuf)  a  metantnlic  inflammation,  and  is 
thoreforo  tho  complete  noaloguo  of  tho  orchitis  which  sets  in 
in  the  cuurso  of  mumps,  or  of  tho  inflammation  of  the  knee- 
joint  which  occurs  duriug  an  attack  of  nrothritis  and  cystitis. 
I  have  good  rcuaou  for  mentioning  the  last-named  metastases 
expressly,  since,  though  long  known  to  us,  they  arc  seemingly 
highly  peculiar  and  isolated  phenomena,  and  as  such  have 
often  been  regardfid  with  scepticism.  At  present  they  are 
omopletely  divested  of  their  striking  characters,  and  no  one 
now  doubts  the  causal  connection  of  the  two  affections  re«{>ec- 
tirply.  Have  I  not  recently  dwelt  on  the  fact  that,  go  far 
from  having  aucb  doubts  strengthened,  we  are  daily  learning 
to  »ee  how  many  iullammatious,  formerly  regarded  as  inile> 
-nt,  originate  as  secondary  affections  in  the  course  of 
.•..LvUre  processes?  The  complete  elucidation  of  this  rcla- 
lloDship  iu  ullutted  chielly  to  ihu  obnician,  who  has  the 
patient's  clinical  fai&lory  at  his  disposal.  Vet  pathological 
anatomy  is  also  in  a  position  to  contribntc  something  towards 
the  some  object — and  this  over  and  above  tho  decisive  ovi- 
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dence  it  may  sajiply  of  the  possible  pre&eoco  of  orguitsnis 
identical  witb  those  of  the  primary  diite&«e.  Thus,  for 
example,  the  grcAt  frequency  of  ralvnUr  dt!!«ase  ib  indt- 
vidoala  who  have  Ttevcr  suffered  from  rhcamatio  fever  will 
appear  perfectly  credible  to  nnyone  who  knows  how  extra- 
ordinarily common  it  is  to  Bnd  a  wreath  of  600  warty  ci- 
cresceiices,  occupying^  the  line  of  closure  of  the  mitral  or 
aortic  valveK,  in  the  bodies  of  persons  who  have  died  of  somo 
Bcule  or  chi'ouic  iufective  disease,  such  as  typhoid  fuver, 
ulcerative  palmuuary  tuberculosisj  smallpox,  septic  pn>> 
oeHses,  &c.,  ultbuu^'h  no  »ymptum  had  pointed  to  the  Bxiit- 
eoce  of  a  cardiac  letsiou  during  life.  But  however  doarly 
we  recoguise  the  intimate  connectiou  between  the  secondary 
iuflamniatiuDS  and  thu  primary  disease,  and  the  dcpondeuce' 
of  the  former  on  the  latter,  it  is  only  too  manifest  tbafr—ia 
spite  of  the  enterprising  spirit  of  a  few  surgeons,*^  any  opata- 
livo  iuterfcrenct!  with  the  primary  affection  is  impracticable. 
Accordingly,  it  is  the  natural  process  of  absorption  that 
must  in  these  cases  bring  about  the  remoral  of  tbe  inflam- 
matory products. 

Everything  I  have  so  far  said  with  regard  to  th»  coQno 
of  inflammation  has  concerned  exclosivtrly  the  history  of 
vessels,  and  of  the  transudation,  which  is  produced  by  tW 
Tessela  during  inflammation.     No  fundamental  objection  coold 
be  raised  to  my  confining  myself  on  the  present  occMtoe ' 
within  these  limits;  and  I  might  defer  the  aooount  of  the 
cvouts  occurring  in  the  tissues  during  inflammation  till  w*. 
come  to  deal  with  the  pathology  of  tissue- metaboloin.      If  I,  I 
uoverlholess,  anticipate  matters,  and  enter  somewhat 
minutely   into  thcso  ovents.  It   is  priacipally   for   praclieal 
reasonsi  for  the  prevention  of  errors  and  misconceptiuns, 
whioh  this,  perhapE  more  than  any  other  point  tu  the  eatif 
doctrine  of  inHammaiioo,  has  become  involved.      Inasmuciii 
aa  the  great  majority  of  all  inflammations,  and  more  esped-j 
ally  those  wliicli  are  produced  ex  peri  men  tally,  are  wont  li'> 
be  combined  with  tissue  chnngea  of  the  most  i-arioo«  kimb. 
the  opinion  has  long  prevailed  that  ibeao  efaangcs  form  as 
integral  part  of  the  proper  infianimalory  proeesa.      A 
nothing  could  bo  more  erroneous  than  this  tIuw 
•  UovtAr, '  D.  Zctlkcbr.  E.  Cbir-.'  ii.  p.  437. 
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cKanges  in  question  represent  chieSy  tbe  mere  damage  done 
to  the  extra- vascular  tissues  by  the  exciter  of  inflatnmntion. 
Tliat  suuh  mast  euauo  in  tnany  cases  I  have  already  liad 
occasion  to  point  oat  (p.  287).  I  need  only  remind  joa, 
therefore — to  avoid  repetition — how  much  importnnco  we 
ntiBched  to  necrosis  of  the  tissues  as  n  cause  of  tranmatic 
iDflainmation.  Ttius  it  is  somothinj^  very  common  to  meet 
nt  the  scat  of  inflammation  with  coli«  whose  protoplaBra  has 
become  riffid,  and  whoso  processes  are  retracted  or  torn  off, 
while  thoir  nnelei  have  disintegrated  and  vacnolea  formed  in 
the  cell  contents,  and  the  tike.  How  little  essential  connoc- 
uoD  there  u  between  these  appeai-nocejiand  the  inflammation 
mot  anywhere  be  more  strikingly  demonstrated  than  in 
"the  non-vascular  tissues,  which  hare,  nevertheless,  so  often 
and  so  toug  becu  mode  use  of  to  prove  the  inflammatory 
nature  of  the  tissue  changes.  For  while  such  alterations  aro 
altogether  wanting  iu  the  sevoro  keratitis  induced,  after  a 
few  days,  by  passing  a  thread  through  the  eyeball,  the 
corneal  corpuscles  beiug  in  this  case  unaffected,  most  typical 
changes  of  the  kind  may  be  jiroduced  by  rautiouRly  applyinj^ 
caustic  lo  the  centre  of  the  cornea,  and  this  without  tlio 
ightest  injection  of  the  peripheral  vessels  to  indicate  that 
iflammation  has  even  commenced.  Such  obvious  changca 
in  the  tissne-cells  cannot,  it  is  true,  be  expected  except  after 
the  operntton  of  a  specially  severe  form  of  trauma  ;  and  for 
be  identification  of  a  necrosis  doe  to  the  cause  of  intlammatinrt 
is  often  necessary  lo  employ  careful  histological  methods, 
id  the  most  delicate  reagouts.  When,  however,  these  are 
ipluyed,  one  quickly  becomes  convinced  of  the  great  and 
iniistakablo  service  done  by  Wuigoi't  in  pointing  out  repeat- 
Ily  and  entpliatically  the  extensivo  distribution  of  these 
•inarrj  U*wH9  of  the  tUsue^.*  You  kuow,  too,  that  the 
iecTOsea  present  in  inflamed  parts  need  not  all  be  primary, 
fori  have  more  than  ouce  dwell  upon  the  injurious  iufluonCB 
which  severe  circtitatory  diniurbunue  must  oxcrt  on  the  nuli'i- 
lion  uf  Ibo  tissue-cells.     This  influence  is  perhaps  less  fru- 

•  Weincrt.  '0.  PaWnpfllrtrwceiu!  d.  fiti5Mren  H«ut..'  BresUii,  lS7^; 
*  Vwlwr  pocVnniilmlitlKi  (i<?l*il<ie  in  pnrenchymktJMen  Orgianen  u.  tlrr^n 
Btsl«hui)^ta  I}:i  '     '  '  Bc<niUu,i$;G; '  Vinrli  A.,')u,  |<.  46t.1xiii, 

JlB.  uml  FfiM'.  .  .  -  KDtxundini)^  "  rvIeiTed  to  in  note,  p.  3aS. 
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quently  manU'eated  by  complete  u«erosia  Ibiio  hy  eorUia 
clieinical  cliQiiges,  or,  as  they  aro  cnmmouly  called,  tifigentra' 
tion",  Fatty  dfgDO oration,  for  oxanipip,  is  an  oxtrotool] 
froqDont  oocarrcnce  daring  ibo  coarse  of  an  iDllammAttc 
Yet  tlieso  d^^nerative  prciceRses  are  bat  too  often  the  pr(*< 
lade  ia  cutnplete  dcKtroclinn. 

In  any  caee,  however,  the  necroses  are  tbo  most  itaporiant 
of  the  tifisne  changes  occurring  ia  the  eonrso  of  intlantmation  ; 
if  for  DO  other  reason  becnosc  they  give  tho  impulse  to  prtv 
cesses  which,  to  my  thiaking,  are  calcalatcd  to  excite  a  tnacl 
higher  degree  of  interest ,  namely,  the  processes  of  rvgtneration 
Yon  are  perfccUj-  familiar  with  the  concoption  that  the  btmi 
organism  is  not  a  stable  moobino,  remaining  unchangod 
stnicrorc  and  composition,  and  that  so  long  as  \he  mdindi 
lives,  there  incessantly  take^  place  a  waste  of  the  coQatilaent*' 
of  the  body,  on  the  one  hand,  and  a  repair  of  this  wasta  on 
the  other.  True,  there  ia  the  greatest  differencv  not  only 
in  the  amoant,  but  a]so  in  the  kind,  of  wast«  and  repair,^ 
accordiiig  to  the  organ  in  which  they  ooonr ;  and  I  am 
from  saying  that  tbo/ortn  o[  the  conatitneut  tistiDO-olemoat 
is  ererywhore  affected  by  thy  waste.  Kiit  whure  this  i&  tii( 
cose,  as  in  the  epidermis  and  tlie  componnd  cpithclia,  lb* 
blood,  lymphatic  glands,  and  spleen,  tbrro  occurs,  pariptimt 
with  the  waste  and  Iush,  n  new  fnrniiitinn  of  (>Iemcntfl,  wl 
— except  during  the  period  of  growth — is  always  juai  «j 
rifiif-  to  cocp-r  fhrtnuii.  Vi-t  T  shnnlil  henitaUi  to  dedn- 
this  a  general  law  lo  the  ftfect.  that  the  amoitnt  of  :i. 
mntion  is  directly  dependent  on,  and  determinevl  by,  ^h^ 
amonnt  of   waste  ;  for  waste  and  repair  Imvf  their  Tl 

conditions,  which  are  probably  very  cnmplicaled,  uiii 
we  are  slill  very  far  from  grasping  in  Mo.     But  wbnt«v 
may  be  the  hidden  chumps  of  these  proceasps,  it  is  at  aa] 
rate  cortaia  tbnt  in  lieulthy  and  nurnial  indiridDnt»  wastvi 
repair  connterbalnnco  each  otber  on  tbo  wholi?.      And 
holds  ti-uG  not  mi-rely  wlurn  thn  waste  reranint!  w  ■ 
physiological  limits,  but  ulao  when  it  is  for  oii) 
creaaed.     A  hair  which  boa  been  cot  grows  facocofurwar 
mor(>  rnpidlr  than  it  otherwise  would  ;  uud 
loss  of  blood  ttic-ro  followa  forthwith  no  .> 
blood -formation.    Prcciiiii.'ly  the  rarao  rule  app 
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tanco  prnditccd  tlirougU  dcstructiou  of  tlio  tissue-cells  by 
l«Kciter  of  iDtinniiuatioD  or  by  some  agency  or  other  during 
le  conrso  of  the  nfFectiou  ;  here  too  a  forratpondingl^  r'n- 
■atrd  reffencrntian.  follows.  The  rej;foneratioQ  is,  it  is  true, 
lore  ftbnndant,  but  it  tukcs  pinco  in  a  manner  exactly  re- 
nublintrpliystological  repair  ;  vrhorcror  it  has  l>een  possible 
to  the  proRont  to  follow  the  morphological  details  of  this 
itvrpstiiig  process,  it  baa  turned  out  that  the  new  elements 
are  derived  from  old  ones  liaviiig  the  same  cbaracldrs.  Thift 
has  Uwn  known  for  a  considerable  time  of  the  t-jnOulia  ;*  ib 
is  also  true  of  miisclftf  and  wrvfs.X  The  restoration  of  the 
.usseouH  tiastiu,  t:y.  the  fonnatiou  of  callus  after  a  fracture, 
STolrcn  ou  the  in^riweteum^  the  raerabrano  which  in  tbe  adult 
entrusted  with  the  production  of  bono.  But  there  is  no 
loro  favorable  iield  for  the  study  of  these  regeneratiro 
?0ses  than  the  am\ca  ;  because  we  cannot  so  certainly 
locood  clsowhcro  in  causing  considerable  loss  nf  substance^ 
id  in,  at  the  aame  time,  completely  excluding  inllatn- 
mation.  in  fact  it  is  precisely  the  anterior  epithelium  of 
|io  cornea  that  otfeni  the  must  couvenient  opportunity  for 
10  succoftHful  study  of  epithelial  regeneration  ;  besides  which, 
htf  regnttration  of  /Ae  corntat  corpuseles  hns  been  traced  in 
tfirst  instance  by  Ebertb,^  and  then  with  special  care  by 
leben  {]  in  my  instttnte  at  Brcslau.  The  rast  importauco 
of  those  letter  investigation!!  consiKla,  6rstly,  in  their  having 
roved  that  the  corntal  corpuscles  are  produced  solely  from 
ther  corneal  corpuscles  which  have  remained  undestrojed 
the  neighbourhood  of  the  defect  or  eschar  ;  and,  secondly, 
tn  their  having  accurately  demonstrated  the  entire  want  of 

Amolii.  *  Viwh.  A..*  ilvi.  p.  |6S  ;  Thlencb,  in  '  Pitha-Billrotd'H  Hdl)..' 
\  AUh,  a.  p.  .Vll  ;  CWland.  '  Jonmal  of  Anal,  and  Pliya.."  1S7S.  ii.  ]>.  .■^fii  i 
Vwliwurtli  u.  KUrlli,  '  Virob.  A.,'  M,  p..'i6i ;  F.  A.  Ilofmann.  ibid.,  y.  .373  ; 
tttjhfT^.  '(>mi.  nied.  Jiilirb..'  l87l,p.  7  ;  KleU,*  A.  f.Mii.  Path./iii.p,  125  ; 
lunminp.  'A.  f.  miLiwki'i'.  Anit./xfiii.  p.  34;. 
t  Cf.  Knwkp.  '  Experitneni«Hp  rulerjocJioogrn  fitrril.  Rrgenrmtroa  d. 
tl«t|tattri4(U>n  Monktln.,'  llfthilitaticinMchrift.  Hall«,  1878,  contuitiiif; 
UUwnitiM  r«f<-r«tiw«  tu  tlw  litrnitUNr  iif  tlie  sobject. 
*  Win  uw  ir,  ehK|>-  «i. '  RrifenentLwu.' 

'  iifti-  4V.,'  Uvij,  ]>.  5JJ :  *  Untvtvudiujigvo  smd-  )«t)ioL  Init. 
;  J,  187+.  p.  I. 
Si;niil«i»a, '  Virei.  A  .14*' 
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dependence  of  this  regeneration  mi  the  injfammatitm.     For 
till  it  had  been  shown  that,  when  a  caa&tic  is  applied  to  ihi 
cornea  or  a  wound  mudo  in  itj  the  proliferation  of   the  fixed 
conieftl  corposclcs  takes  place  iu  precisely  the  same  mannt 
whether  infianiina.tion  sots  in  or  dooa  not  sot  in — only  ihof 
I  say,  was  inoontrovertiblo  proof  afforded  thai  this  prt 
is  purely  regenerative,  and  has  at  bottom  no  connecttoa 
the  process  of  inflammation,  to  which  it  had  so  lon^  and  so  ni 
versally  boon  attributed.     This  in  the  true  atato  of  the  oaw : 
in  spito  of  tho  extraordinarj  frcqnenoy,  I  might  alnio«i  aay 
-constftdcy,  with  whifih  theflo  chiingos  ar(^  observed  in  initar 
tissues,  they  are  notliing-  hut  complications  of  tho  proper  iti< 
Bamtnntory  process.      More  than   this,  it  may  eron  be  qai 
tioued  whether  the  presence  oE  inflammation  further*  thi 
prolifcralion  of    the  tissue-cells.     There  is  at  any  rat«  ao' 
necessity  for  its  presence  ;  and  it  is  safe  to  assert  that  in  tb« 
fovoro  purulent  and  ha^morrhagie  forms  it  is  not  merely  do 
fiid^  but  rather  uu  impediment.     The  elowacss  and  feeble-, 
ness  with  which  the  pruduction  of  chUus  and  the  regeuoratit 
of  rauselu  is  oftcu  effected  in  compound  fractures,  when  extADi 
sire  suppuration  has  set  in  in  the  limb,  i.^  an  old  exp^i 
Of  the  ordinary,  non -suppurative  initammations  wo  rftnaol| 
however,  speak  so  unfavorably.     On  the  contrary,  it 
to  me  quite  allowable  and  jnstifinblo  to  rofer  to  the  iufiam^^ 
matory  hyptrxtuia  as  explaining  an  oeoorrencc,  which  is  very 
often  observed  in  the  regcneTative  proliferation  of  inffamnii 
tion,  namely,  tho  MUprrabujniont  Jorvialmt  i>f  tiniiur.      Thtl 
orer-productioD  is  evident  in  the  exuberant  epithelial 
Uferation  occurring  during  inflammation,  as  well  8«  io  \l 
coDuective-tissue  cicatrices  whtoh  are  at  first  so  prcme 
project  as  red  emiucnces  above  the  level  of  the  skin.     Ko<j 
where,   however,  is  it  more  striking  thau   in   !' 
regeneration  of  bone,  where  far  more  callus  is  m ........... 

duoed  than  is  required  to  replnco  the  parts  that  Imrit 
-lost  through  necrosis. 

But  however  cuiisidcmblo  tho  resnlta  of  n^gcuiTaftvi. 
liferation  under  coilaiu  circumstances  may  be,  the  r: 
very  far  from  alwayt  terminating  in  the  rt 
part.     The  regencrntive  rapacity  of  man  ari-. 
classes  of  animals  is  in  it-solf  rostrictcd  ;  m  that 
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>o  of  composite  organs  und  apparatus,  which  in  reptiloe,  for 
iple,  is  sQCCvsefiilly  effected,  is  horo  altogether  out  of 
qneHtton ;  the  regBDcration  of  tho  tissues  and  thoir  ele- 
its  being  the  almost  that  can  occnr.  Yet  it  is  not  oveiy 
tsftuB  even  that  is  capable  of  restoration,  e.  g.  tho  parts  of 
tho  central  nervotta  ftfatem  can  never  bo  restored.  In  tho  caae 
of  numjr  glands  also,  e.g.  the  liror  nnd  kidneys,  all  attemprt 
at  obtaining  an  accurate  knowledge  of  the  details  of  tho  re- 
gpnemtion  of  the  specific  colls  have  hitherto  failed  ;  althongh 
I  should  by  no  means  conolndo  from  this  that  regeneration 
ii  dorefore  impossible  hero.  But  oven  in  tissuoa  about  whose 
raganerative  capacity  there  is  no  doubt,  restoration  may  im\i 
bo  occur,  or  may  remain  dofootiTO,  not  only  when  the  process 
iidirootly  interfered  with  by  some  factor  or  other,  «.  g.  by  the- 
iDpparative  character  uf  the  inflammation,  but  also  and  chiv5y 
when  the  amount  and  extent  of  the  defect  exceed  the  repa- 
ralive  powers  of  the  organism.  In  buth  cases,  howei'er,  an 
impOrfectly  filled  defect  remains  ;  and  there  then  comes  into 
opermtion  the  principle  which,  so  far  as  I  know,  was  fii-st 
noognised  and  formulnted  by  His  with  respect  to  embryo- 
logic&l  devclopmcntj  namely  that  into  all  regiona  not  occupied 
fry  Mpecijio  tusua*  a  va»eular  eonneativv  tiaaite  grouit.  ^Vliilo 
aocordiiigly  the  importance  of  the  fonnution  of  connoctivo- 
timte  m  inHammauou  is  sulhciently  apparent,  it  becomes  very 
much  grcfttor  in  view  of  tho  fact  that  in  all  lesions  of  th» 
>imeotive  tissue  itself,  its  office  is  to  effect  direct  regencra- 
in.  Anyone  who  attaches  special  value  to  nomcnclaturo 
as  a  means  of  indicating  tho  prinoiples  ho  adopts,  may,  by 
hy  of  contrast  to  this  true  and  perfect  regeneration,  re^rd 
!&  Eormation  of  connective  tissue  in  place  of  a  specific  tissue 
as  imperfect  regeneration.  At  any  rate,  it  is  more  important 
ondemtand  the  process  by  which  the  formation  of  connec- 
tisiue  is  effected  in  each  case.  In  one  respect  this 
tination  of  inflammntion  is  directly  opposed  to  all  other 
In  the  forms  previously  discussed,  the  inflammatory 
:l8,  whatever  their  character  and  tho  changes  nndergono 
by  them,  never  became  integral  and  functional  constituents 
tho  body.  Here,  however,  wo  have  a  tissnc  which  is  in 
way  distinguishable  from  the  analagona  tissue  found  m 
pnrte,  and  which  but  too  often  procUums  its  vitabty  to 

I 


TKn.AHStA'flOTr. 


Ifao  dotrunant  of  tlio  organism.  It  is,  Uiervforo,  widi  gin 
iTcason  that  this  form  uf  iuBammBtiun  Ime  roceiviMl  Lbp 
■^troduelite.  In  (uiyinj^  which,  1  doaire  to  pivo  prnmtni 
to  th&  f&ot  that  wo  hnvB  npt  here  lo  deed  with  an  inihtmnm- 
tiuti,  the  product  of  vhich  is  xhe  simple  oqtiiTalpnt  of  Lhc  odirr 
■forma  of  oxudation.  The  devclopmyut  of  cnno(.*ctivc  lii 
represents,  as  already  statfid,  a.tennination  cf  injtai 
which  may  occur  in  nny  form  of  the  nffectitm  trlipn 
iictivo  and  pi-olnngod — *-ith  the  rpsoiTotion  thai  the 
tion  of  connective  tisMuc,  like  the  true  regmcniiiTt!  proUfc 
tion,  is  usually  very  much  rtfduced  in  casoa  of  doop  and  kptc 
suppuration.  Hon  it ha]>pt>ns  that  exudations  Mt  dtffrrrnt' 
form  tend  to  terminate  in  tJic  Kame  manner  can  l»o  bcwt »} 
dated  by  you,  if  I  attempt  to  lay  before  you  v,  ■  of  i 

certainly  eslabliithed  chaructur  is  known  of  prod 
mation  or  of  the  accompanying  ttssue-fonmUiion. 
The  dominant  and  directly  determining  fact«>' 
process  is  the  new  formation  of  btood-visfih. 
clearly  proves  the  truth  of  this  ruJe  than  the  history  of 
extravasatod  ceils  in  oases  where  the  v&iseU  fail  to  be^ 
I  moan,  of  courso,  thy  cohmrlpiis  cella ;  for  no  one  will 
poae  the  red  blood-corpuRcloA  to  be  capable  uf  tnlcinj^ 
piirt  in  tlic!  formation  of  th»>  nt'W  tisHtii's  j  ;    ■' 
will  anyone  bo  likely  to  attribute  this  cup:;. 
«.e.  to  the  product  of  the  disintegration  or  solution  of 
colourlf&s  cf'lls.      But  on  rfcallinp  the  fact^  ah  •■  ttk 

to  with  regard  to  the  fate  of  the  colourlosn  cor;  ■  ibp. 

inflammatory  product,  yon  will  remember  tlmt  I  hinted  M 
probability  of  a  multiplication  by  diviwon  of  f! 
contained  in  the  exudation.     We  are  in  pofwe^- 
ment^  to  thia  effect  by  iieveral  antliora,  as  for  invtimcC  Si 
Hanvior,*  who  say  fchey  have  now  and  il  ■ 
directly  obRor\*ing  the  process  of  division     -  .       . 
scope.    Ttiough  Iheirobwrrations,  itifl  true,  do  not  i 
meet  the  raor|(hological  rofjuirements  wo  now 
admitting  the  occurrence  of  divioion,  yet  tbey  i 

•  Strfcktr.  *  Sindien  d.  Inrt.  f.  cxp.  Patlu,'  p.  iF.    CWi^i.iti  -f  (1 
blood-eorpuwlec  wu  obwrreit  bT  lUnvlrr  in  t 
1875,  )>.  t.  uu\  by  K]»in  in  the  tritoa.  th«  fmy,  ^.^  .-i  > 
j8;o,  jK  17 :  ef.  Fleminit, '  Vinb.  A.,'  lixvii,  p.  1. 
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nble.  The  divwK>n  ot  a  oell  duos  not,  liowever,  appear  to  be 
u  very  common  event,  if  one  raiiy  venture  lojudgt*  of  its  frc- 
qnouoj  frum  the  drcumstiiiiict!  that  the  great  njujarity  of  ob- 
flervsm  have  failed  to  detect  it,  even  aftor  salUoiently  pro- 
lonj^ed  obstervntion.  Hoirover  this  may  lie,  the  questJoa 
wlieUier  the  number  of  pus-corpiiscles  prcBentin  an  exudation 
con  bo  increased  by  diviftion,  though  interesting  from  tho 
standpoint  of  general  morphology,  is  of  very  Buborditmtc  im- 
portanoo  so  far  an  the  comprebeusion  of  tho  process  of  in- 
flammBlion  is  concerned.  For  it  ia  in  the  end  immaterial 
irhothcT  the  pQ»*oorpaiic1es  are  already  fully  formed  at  the 
lime  of  ihoir  pasntge  through  the  vca&cl  waIIk,  or  divide 
after  extravasation  into  new  ones,  which  are  built  up  by  the 
Hsuoilation  of  eiibstaucea  supplied  them  by  the  vessels  ;  this 
MBOonttt  mertjly  to  a  chauga  in  tho  plact^  of  their  manufacture. 
While,  then,  the  alleged  muUi plication  of  the  exudatioa- 
corpuaoles  by  division  is  not  a  rowl  addition  to  our  knowledge 
of  tbo  prooess  in  its  chwuco,  this  is  still  further  from  being 
the  cose  with  the  fatty  degenerattQn  already  familiar  to  os. 
Rather,  we  learned  to  regard  tho  latter  as  a  preliminary  to 
thp  transformation  into  a  fatty  emulsion,  i.  f.  towards  disiu- 
l^gTAtioD,  and  this  metamorphosis  of  the  pus-corpuscles  no 
more  aids  in  tissue-production  than  does  the  shrivelling  and 
dicing  of  the  same  elements  during  the  oaseoas  inspissaiion  of 
■MM  ejcndation.  Henee  if  tho  possible  fate  of  the  pus-corpusdes 
in  inflammatory  prodncts  were  confined  to  these  changos,  but 
little  weight  iodised  oould  be  given  to  their  claim  to  take  part 
in  (JMue-produclion.  But  if  you  place  under  the  microscope 
a  drop  of  fluid,  obtained  either  from  a  wound  which  has  been 
granalatiug  fur  about  a  week,  or  from  a  circamscrihed  exu- 
dation in  the  abdominal  cavity  or  subcutaneous  tissue  of 
'  ^me  ago,  you  will  find  multitudes  of  ordinary,  aud 
:■.:  .J,  corpasclesj  and  among  them, as  a  rule,  a  limited 
snmber  Of  other  structures.  Tho  latter  are  coDsiderably 
f--'  '    fi  puB-corpuBcles,  and  vary  in  shape,  being  globa- 

L>i,  -.  .(i.cal,  or  irregular;  aomo  of  them  contain  ene  largo 
bucIquB/  others  more  than  one,  and  a  few  are  even  pouosaed 
of  Bo^-eral ;  sonic  are  pale  and  finely  grannlar,  while  in  others 
the  granules  arc  larger.  How  are  these  structures  to  he  cx- 
ifauned,  and  where  do  they  originate  ?     They  cannot  be  da> 
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rived  from  iho  blood,  from  the  vessels,  simply  beoaoM  il 
oonnterparts  are  neror  foond  there.  They  most  hnvo 
ontsido  the  vessels ;  and  since  they  nre  met  with  only  in 
inflammatory  prodnct,  and  nre  constantly  present  in  ik  in  all 
parts  of  the  body,  wo  are  invoIontArily  cnmpolled  to  adopt 
the  hypothesis  that  it  is  to  the  pns-oorposclos  they  owe  t) 

The  attempt  to  discover  the  f^enesis  of  tbcso  lar^-a  c< 
must  of  necessity  be  attended  by  mooh  greater  difficult 
than  was  the  tracing  out  of  the  other  evonta  ooourriag'l 
inflammation.      For  while  in  the  latter  we  had  to  do 
tially  with  processes  which  i-ua  their  counte  with  compant 
rapidity,  and  never  occupy  a  longer  period  than  admital 
an  aninternipted  microscopic  examiaation,  much  more  tq 
is  necessary  for  the  formation  of  the  large  uni-  or 
nnoloatcd  oolls — six  or  eight  days,  or  it  mny  be  more. 
there  is  a  farther  difficulty.     Id  the  cold-blooded  animah^ 
especially  in  the  frog,  the  development  of  the  oell-forms  in 
question  is  far  less  constant  and  abundant  than  in  the  wans- 
blooded  animals;  and,  indeed,  a  true  formation  of  iiame  v 
the  result  of  inflammation  bardly  ever  occurs  in  the  fnv. 
Tet  only  in  this  animal  has  it  np  to  the  present  been  fonai 
possible  to  carry  out  for  any  length  of  time  a  microMMpie 
observation  of  the  circulation  which  shall  be  free  from  orrctt- 
For  this  reason  we  are  driven  in  greater  part  to  conitnrt 
the  history  of  the  new  formations  in  qaestion  from  a  itail^ 
of  the  flnished  products ;  and  it  was  only  to  be  expected  tlitt 
many  gratuitous  assumptions  shoald  creep  into  the  interpre* 
tation  of  these  processes.      Here,  again,  it  is  by  experinaH 
that  a  foundation,  in  some  degree  secure,  has  boon  Uic 
its  application  to  this  eubject  Ziegler*  appear*  to  oe 
been  most  happy.     He  introduced  small  capillary  chambeflr 
of  glass,  open  st  the  sides,  into  the  subcutanuoDs  oejlu 
tisBQO  of  strong  dogs,  and  dctormined  at  fixed  intorvmUj 
changes  undergone  by  the  colourless  blood-oorpnoelM 
had   quickly  entered   the  glass  chambers.      At-  "■ 
first,  stages,' — thoftO  concerned  with  the  dcrrio; 

*  Zlsglfft    *  Eiiwriment.   TrBt«nufhimgi!ii  liWr   il    T 
Viirzbcrg,  1675;  '  Unt«ni)c)iting*n  Qbor  tuUhol.  Bind^frwcU- ua4 
arubtUuDg,'  Witrabarg,  iSjti. 
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to  BAj,  uf  the  u(t-iD rationed  large  cells, — tbere  are  several 
experitnt;nt$,  samti  of  theni  much  ulderj  which  happilj  cotTo 
bornto  and  siipplemt'iit.  the  reeearcfaee  of  Ziegler ;  &&,  for 
ejcumplt;,  tliDSO  of  H.  Heidt-'ohaiti.*  Mure  recently  the  pro- 
evBB  has  been  still  further  elucidated,  in  some  of  its  aspects, 
by  cxperiuietiiij  carried  out  in  my  institute  nt  Breslau  by 
SenfUeben  and  here  by  TillmannH.t 

The  earliest  examples  of  cells  exceeding  the  ordinary  pus- 
corposclea  in  size  make  their  appearance  in  the  exudation, 
according'  to  the  unauimouB  statements  of  all  observers,  which 
my  ovm  experience  goes  to  confirm,  about  the  fifth  day  from 
the  oommenccmunt  of  the  inflammation,  and  thenceforward 
tbey  Bloodily  increase  in  numbers.  At  firat  they  exceed  the 
piu-corpasclea  by  from  one  and  a  half  times  Ut  twice  tbe  sise 
of  tbe  latter ;  are  roundiKh,  evidently  contractile ;  but  the 
tfntfrgy  of  their  amwboid  movements  is  considerably  less  than 
tlwt  of  the  leucocytes.  Their  habitus  and  intimate  constitu- 
fcioa  is  rnriable,  owing  in  great  part,  it  would  appear,  to  the 
difference  in  the  material  by  thi>  cvusumption  of  which  their 
grovrth  has  been  effected.  IE  you  introduce  iuto  the  abdo* 
suiuU  cavity  of  a  rabbit  a  t>ma11  linen  bag  filled  with  a  few 
drop*  of  moiflt  vermilion,  Ktich  aa  is  contained  in  a  painter's 
oolonr-bnx,  you  will  find  after  about  a  week  has  elapsed,  in 
th«  immediate  neighbourhood  of  the  little  bag  and  between 
ihe  ihreada  of  the  linen,  a  very  considerable  number  of  large 
oeIb»  cootaining  vermilion,  together  with  a  few  pale  ones. 
In  like  manner  Senftleben,  who  experimented  by  injecting  a 
dead  come<t  with  a  neutral  solution  of  carmine,  and  then  in- 
troducing it  into  the  abdominal  cavity  of  a  rabbit,  met  after 
the  nine  period  with  large  cf-lU  containing  carmine.  Similar 
ceUa  are  of  course  present  in  the  cornea  of  a  living  animal 
when  slight  iufiamniatiou  has  been  set  up  by  the  iiijectioii  of 
th«  same  carmine  solution.  Moreover,  when  a  circumbcribed 
uBatDmatiou  of  the  peritoneum  is  produced  by  the  introduc- 
tiou  of  »  pieoe  oE  brain-substance,  the  largo  cells  contain 

*  B.  HiidcnliWR, '  Ucber  ilie  Verfettunf{  fremdcr  K^qwr  in  ier  BftQoti* 
boUs  UlMfudiT  ThicK.' I.-D.  Brwlau,  1S77;  Laiighant,  '  Virch.  A-,' ilix, 
p.  66  -,  Kuatixky, '  Virek.  A..*  lix.  p.  )02 ;  Edater,  '  Viirb.  JL,'  xUiii,  p.  95. 

t  ScafilvlwD. '  Vircli.  jL,*  buii.  ji.  $41  j  et  also  ibid,  Ixxni.  p- 43a ; 


SS8 


INn.AMMATlOS. 


drops  of  uiimitttakabte  myvlin.     In  short,  the  ■jmihrxfrpt 
grote  by  taking  up  whaltvcr  subslancfji  thtj  find  rf-udtfioht 
That  mode  of  growcb  npon  nbicli  /iugler,  I  beliuve  c< 
lays  Bpcciol  stress,  namely,  the  onlargvmeiit  uE  indiriilDnl  cc 
puades  by  tho  coiiaumption  ^^i  r>thorR,  ja  hut  a  it]i>jri»]  ap|^ 
cation  of  this  principle.     For,  according  to  Zipglcr,  tbo  bi 
celU  ariso  in  this  way  in  the  ordinary  uxndaitoos  nhtire 
other  woll-clmrncteri<iod  substauros  and  objectJi   nro  bL  t] 
dUposal  of  tho  pns-corpusclcs.     He  did  not  iictniUly  ubneri 
it  IB  tnie,  the  enlargement  of  somo  pns-oorpuscles  at  the 
penae  of  others;  yet  his  method  of  cxporimei-' 

aa  to  preclude  all  donht  that  the  largtj  cells  arc  . 

tho  loucooytcs  ;  and  when  it  iit  considered  in  addition  tl 
the  later  he  examined  his  chambers  the  fewer  v- 
pas-Co q>u!tcle-<,  and  the  ^eat«r  the  number  of  '.■^.^-  ^^  ■■ 
am  hardly  het^itate  to  accept  his  conclusion,  li,  tlMO, 
have  not  so  far  Buccoedcd  in  directly  observing  thv 
the  lar^>  ce)l»,  yuu  will  hardly  be  iiuri>ri»ed  tu  leai-i.  ■.;... 
are  atill  far  from  posseanng  an  adequate  knowledge  of 
fatti  of  tho  unclci.  In  some  of  the  large  cell»t  no  irwn  uf| 
cucleue  is  discoverable,  in  othera  tlie  nnoleus  is  inle  a&d 
difitiaet ;  otliem,  again,  ha\-e  a  more  gi-annlar,  rlenrly  prr* 
ceptiblo  nuoleuR;  whiln  the  majnrtty — lliose,  that  ifi  to  sbt, 
which  may  bo  regarded a^  the  type  of  ihoso  largiic*""- — ^-'W 
one,  rarely  two,  largo  clear  nnolei  with  nnrlootu 
origin  of  these  largo  nuclei,  which  give  ihi'  c 
reaonihlanft'  to  »pitheUoul  /kk/i>*,  we  have  at  ■■• 
lodge  what«ver.  Tho  protojilasm  of  tho  ■ 
always  finely  granular  and  faintly  glistening. 

Itut  the  growth  of  the  epithelioid  hodies  in  the  i""-'*-' 
does  not  terminate  with  the  productifm  of  roll*  . 
tho  pus-corpusclcs  by  about  twice  the  ' 
Towards  the   tenth  or  twutfth    day  uiu'^u   i»i 
constantly  found,  and  these  are  »t-il)  more  o' 
the  second    week.       They  vary  in  form,  boi: 
round,  sometimes  club-shaped,  or  ftimi«hi!d   «' 
prolongations  running  in  vwioos  directions  ; 
of  6izB  they  mnst  bo  regarded  as  oxqai 
eellsy  whirh  they  moreover  rrscmblo  ' 
ing  a  largo  number  of  nuclei,  ten,   I'. 
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B.  Heidenhaio  foaud  that  pieces  oE  elder-pith,  iutrodaced 

into  the  nbdominal  cavity  of  the  guiaea-pig,  contamed  vui-y 

e  and  boibotifiil  giant-cells  after  fuar  week?  biui  ulapsed. 

iagler  determined  their  presence  in  his  glua  chnmhera  at 

much  later  date,  hot  also  met  nHtU  them  as  early  as  the 

clfth   day.      Besides  those   immonso  giAnt-ceils^  stualior 

forms  are  always  present ;  so  that,  in  fact,  bU  the  traniiitional 

stages  betWLitn  the   epithelioid   and   the   giant-coll  may  bo 

readily  demonstrated.     Similar  transitions  in  tho  ntunber  oi! 

ccIUavoloi  aroal&o  observablo.      Such  being*  the  case,  it  may 

fairly  bo  asjiumed  that  tho  giant-celU  are  built  up  by  tho 

^fmdnal  consumption  of  other  materials,  in  particular  of  oxu- 

^^■Uaon>corpuaclos.     According  to  this  riow  they  dovolop  by 

^Hn  blending  of  several  pna-coi-puacles  in  sncceasion,  which, 

^Wttaing   to   lead   a  separate  existence^    becoms   completely 

merged  in  and  assimilated  the  one  by  the  other.      Hence 

they  distiuctly  contrast  with  those  forms,  frequently  of  great 

sise,    where   a   number    of    distinct  pus-corpuscles    occupy 

tho  interior  of  a  largo  cell — forms  which  not  so  long  since 

wvD  supposed   to  bo  motber-cells*   of  pus-corpuacles,    but 

which  QOw-a-days  are  looked  upon  rather  aa  products  of  tho 

inutusion  of  aome  of  the  pu»i-corpu8clca  within  others. 

But  however  largo  the  cells  of  an  exudation  may  grow, 
^^nd  however  surprising  tho  forms  which  result,  their  ooq- 
^^kned  exiscenoe  iHimpousiblejifn/<r««  anew/ormalionofhhod- 
^^■■rilf  tontrji  to  their  a-itl.  If  blood-vessels  are  not  formed, 
^^HBMr>4tructures  all  succumb  sooner  or  later  to  the  inevitable 
^^ptiy  degeneration,  just  aa  do  the  ordinary  pnn-corpuscles. 
At  the  lime  of  the  first  appearance  of  the  epithelioid  ceils,  a 
number  of  png-corpuscles  hare  already  degenerated;  a  few 
thty«  lat^r,  aud  isolated  fat-droplets  are  found  in  tho  large 
oelU,  which  no^r  gradually  become  transformed  into  the- 
pr«ttn»t  Gluge'a  corpuacles.  The  same  may  be  observed  in 
tha  giaut-celis.  VaUy  degenei-atiou  is  bat  tho  prelude  to 
diaiiitegtutiou,  as  the  result  of  which  the  cells,  formerly  so. 

ff" '■■";;,  tire  reduced  to  bo  mere  coustitueots  of  a  fatty 

CoDsidering  the  rapidity  with  which  the  fatty  de- 

baht.  •  Vhth.  A-,*  XTJ,  p.  llSS,  »i,  p.  480 ;  KemaJt, '  Virch.  A^*  xr,  p. 
}  BuUdbrr,  '  Yirek.  A./  xudx,  p.  512 1  BnaiMro,  *  Wioo.  mud.  Jahtli..* 
<o. 
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geaeratios  o£  tlie  pas-ceUs  passes  on  into  dUintegntliun,  tlio 
fact  that  SQch  large  uTimbors  oC  epithetioid  and  {pajit-ceUs 
oontiDue  for  bo  long-  a  period  to  contniu  droplets  o£  fat  would 
indeed  be  remarkable,  weru  it  not  posaibto  Cor  the  latter  to 
bo  dorived  from  an  entirely  diffei-ent  sonrce.     Sincej  aa  has 
JDst  been  shown, the  pus-ourpasctesand  tbeirderirativos,  i.e. 
the  epithelioid  and  giant-cells,  cooBUTne  such  Bubstaooei  aa 
are  at  hand,  nothing  coald  be  more  natural  than  that  Ibey 
fihould  incorporate  fatty  material  also.     If  yon  inject  a  fisa 
oil-emalsion  into  the  lymph-sac  of  a  frog,  yon  trill  find  there 
ftfter  a  few  daya  the  prettiest  and  most  magnificent  Glug«'« 
corpaacles ;    and    the   same    result   has   been    observed    by 
Wognor,*  who  injected  oil  into   the  abdomen  of  T«bl»t«. 
Hardly  less  mptd  is  the  formation  of  these  infiMnmatotj 
corposcles  when  disintegrated  or  necrotic  nerve-tiasne  ia  uz- 
posed  to  the  action  of  pua-cells.      Senftlebent  found  ibal  on 
waiting  a  few  additional  days  before  removing  the  piacca  of 
brain -subat'ance  from  the  abdomen,  he  obtained  fat-droplets  ^i 
in  the  large  cells  in  place  oE  the  characteristic  drops  of  n>y«*^H 
lin;  and  there  ifi  not  the  least  doubt  that  Ihe  much-debaled^^ 
compound  inflummatory  corpuscles,  which  appear  with  such. 
constancy  in  inflammation,  softening,  and  degcueratioD 
the  central  nervous  syetem,  originate  solely  by  the  inclmtio^ 
of  disinteffrated  nervesubstaneej  chiefly  of  the  white  snbstaaot 
of  Schwann,  tn  and  hj  lymph-  or  eolourlau  blood-celU.      Bol 
identical  corpuscles  are  often  present  in  vi>ry  large  numben 
in  inflammntions  of  the  sobcntaneons  cellular  tissue  or  at  the 
abdominal  cavity,   where  no   white  substance  exista;    and 
Ziegler  met  with  them  in  his  glass  cbamben.     Yet  bore 
their  formation  is  very  easily  accounted  for;  in   the  fattil 
degenerated  pns'CorpnscIes  a  most  excellent  iQat«ri&l  ta 
vided  for  consumption,  and  we  may  certainly  attnbat« 
production  of  a  considerable  proportion  of  the  large  oo 
of  Gluge  to  the  simple  fact  that  Ealtily  degenerated 
have  been  devoured  by  others.     This  applies  not  only  (otb*' 
commonest  form  of  Glnge's  oorpuscles,  which  correaponi 
ia  aisa  to  the  epithelioid  cell,  and  which,  being  provided 
M  rule  with  a  largo  clear  nucleus,  may  be  properly  reganled 

*  WcgamTt  *  [Aagralxck's  A.,'  xr.  p.  51. 
t  SMftMMOi  '  Vinh.  A.,'  Uzii,  jv  543. 
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a  coanely  grannlar  modification  of  it ;  all  tbat  has  lioea 
said  applios  equsliy  to  the  coarsely  granular  giant-cells  coc- 
tttiuiag  fat-droplcta.      No  more  beaatiful  exBiiiple»  of  the 
latter  are  anywbcre  mot  with  tbau  those  occarring  in  some- 
what old  foci  of  brain -softftoing,  or  in  the  imraodinto  vicinity 
^^f  piccos  of  dead  hrain-inattcr  which  have  lain  for  two  or 
^Hiree  weeks  in  tho  abdominal  canity  of  a  guinoa-pig  or  rabbit. 
^B*he  epithelioid  and  giant-colU  containing  fat-droptets  ai-e, 
^Accordingly,  to  bo  grouped  in  two  different  classes ,-  yet  this 
-d&os  not  alter  the  fact  that  none  of  these  cell-forms  can 
oudergo  further  development  unless  new  blood  ves&els  are 
produced.     In  the  absence  of  a  blood-supply  their  inevitable 
lot  is  d)6tnt«gratton,  shrivelling,  inspissation,  and  the  like. 

The  question^  JJvw  doee  the  xeto  /vrmativit  vf  llood-vateels 
tak*  place  ?  although  it  has  so  long  engaged  the  attontioD 
of  anatomtstti  and  pathologists,  uwaita  even  to*day  a  final 
decision,  so  far  at  least  as  pathological  vasculariKation  is  con- 
-ceniod ;  because,  as  I  already  pointed  out,  all  attempU  at 
-dirvctly  obser\'ing  tho  process  have  heretofore  miscarried, 
et  such  a  mass  of  isolated  facts  and  series  of  observations, 
I  of  them  harmonising  with  one  another,  have  been  con- 
ibuted  from  the  most  various  quarters,  that  one  may  Ten- 
on a  definite  opinion,  despite  the  deficiency  just  alluded 
Id.  In  the  first  place  it  was  determined  by  the  earliest  authors* 

ithat  Ihe  new  vcMseJs  are  outgrouiihg  from  the  old,  and  from  that 
i^mo  until  now  this  view  has  received  every  kind  of  confir- 
pation.t  Buds  are  formed,  wliich  shoot  out  laterally  from 
plie  vessel  wall,  and  gradually  increase  in  length ;  similar 
buds  given  off  from  other  vessels  grow  to  meet  these,  and 
coalesce  with  tbem.  The  buds  are  at  first  $olid  ;  but  they 
snbseqaontly  become  tunnelled,  while  those  portions  of  the 
vessel  wall  from  which  they  have  grown  undergo  liquefac- 
tion ;  and  in  this  way  new  vascular  offsets  and  loops  arise. 
The  line  vessels  first  formed  are  always  capillaries,  and  are 


BiUrotb, '  Dnt«naehiingMi 
C.  0.   Weber.  •  Vi«b.   A.,' 


^^1  *  Joo.  H*jr«r,  'Ch*ritj>Atm»let>,'  iv,  p.  4I 
^■Lber  d.  EntvicklDng  d-  Blutgefuw,'  t8s6; 
^^xsU,  p.  84. 

t  J>  Amcld, '  VitcL.  A.,'  Uii,  p.  70,  Ur,  p.  1 ;  ZifgW, '  Unt^rracliiingen 
■abor  pfttboL  BindcgavtU-  and  UtffiMunbilduog,'  Wunburg,  1876;  Till- 
iMBBh  La. 
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cHefly,  tliungii  nut  excliutively,  outgi-ovrtUa  (rvm  truo  cftpil- 
laricH.  loiter  on  thi'V  gradunlly  Leconit;  wiili>p  imd  ftcquiru 
thicker  nails,  and  luay  tkuH  be  Iraualuriimd  into  vb&kcIs  of 
large  eize.  Sach  buing  tliu  origin  oE  tbo  new  vemoUi,  tlw 
source  of  ibcir  bluuiUsuppiy  is  at  unco  tivideut ;  from  bbo 
gcnoral  ctrciiiatioa  blood  pasM^s  out  of  the  old  iuto  tlie  now 
cbanuels.  Bnt  oLhtT  new  vuscular  cbanneU,  ooi  directly  ooa- 
tioDouB  with  prc-L'xistiDg  blood-vi'fisols,  nrist^  iu  inllaniiiiatKjry 
coll  ttgffregatioos.  This  fact  was  also  dotcrniintd  by  very 
oarly  observers,  but  auUion  still  differ  somewhat  im  to  tfao 
faistorv  of  tboir  forniatioo.  According  to  sotae,*  the  enda- 
tion-ccUs  arrange  theuisclvea  aide  by  aido  iu  pnmllol  rows, 
becoDio  flattened  into  cndoibolml  colls,  and  unito  to  form 
tabes  ;  such  channels  would  accordiogly  hare  an  inU-reiliiihr 
origin.  In  opposiliou  to  this  view,  many  authors,  uspctiially 
the  moftt  modem,  nud  amongst  tbeui  Ziegler,  hold  tfaftt  CIm 
fonnatioD  of  these  vaacular  chnuueU  is  inf-  '\     Aooof^ 

diug  to  them,  (tome  of  Iho  large  cvUs  sl..„  ...l  proo«MM 
ID  one  or  more  directions ;  these  become  pointed  and  in- 
crease in  length  tilt  they  impinge  on  viucular  buds  ur  fully 
formed  vessels.  Thereupon  the  rclls  and  their  proeeaMi 
undergo  excavation,  canalijiaiuin,  and  liqaefaclion  of  thii  vecwal 
wall  taking  place  at  the  point  of  junction,  new  rascnlar  ufl- 
scts  and  tubes  are  funned.  The  latter  view  is^  at  any  rate, 
supported  by  tho  fact  that  all  tho  events  conotfrnod  in  tlw 
now  formation  of  tcphoIs  are  by  thin  conwption  brt :  .■?r 

the  Ramc  head,  for  in  vascularisation  by  means  ^^i  o>.»s4iUg 
we  are  dealing  with  a  growth  and  formation  of  ptooeaaM  ia 
cells, — the  cells  comprised  in  the  vusswI-whU.  Moreovur,  this 
view  hannonisos  completely  with  tho  discovery  of  J.  Aniold,t 
who  found  thutiu  very  young  wsttels  the  endothelial  <*l*iiM>ntt 
are  not  mapped  out  in  tho  well  knuwu  maunor  by  cr««troc&l 
with  nitratu  of  silverj  aud  that  diGTereuliation  docs  not  taka 
place  till  later,  when  the  tabo&  are  nlrvndy  fally  formed ; 
granular  plates  then  making  thuir  ap])earance,  which  gxmdiH 

>  J.  Mejcr,  tHIlrotl).  O.  Wcbw.  l).  or. :  IIU. '  IMtr.  *.  nimm.  twJ.  jtlk. 
Ilisiuluj^in  lUr  Horuhftut,*  1856. 

t  J.  AnwUi, '  Viivli.  A.,'  lii;,  p.  Jo,  Ur,  p.  I  ;  v.- 
nbn-pathol.  Bii>ilcg»««W>  uad  OtMrwffaUldaiis,'   tvutii>>fCi  '"J*^  >. 
Boniw,  I.  c 
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ully  clear  up  and  become  endotlicltal  ceWn.     However  this 
ux&y  he,  tlie  blood  flowiog  ihrongh  those  new  vessels,  wbo&e 

J'anctioQ    witK  the  previously  exi«tiDg  ones   is  subset] UL-otljr 

Fooled, also  proceeds  frooi  the  geoeral  circalatioo.      At  least, 

hnvo  not  snccoeded  in  conviociug  myself  of  the  oorroctness 

of  the  statement.*  that  red  blood -corpuscles  arise  indepeU" 

itly  in    tba  interior  of  sach  newly  fornaod  vesseli.      Ou 

the  ouDtrary,  I  think  2  am  justified  iu   positively  asisertiug 

that,  in  m  keratitis  vasculot^a,  an  injection  ntosit,  it  carefully 

itrodpced  from  tho  carotid,  may  be  made  to  penetrate  all 

le  channels  in  wliicli  red  blood-corpuscles  ore  contained. 

Now,  how  is  it  that  the  newly  funned  vessels  supply  Huch 

a  strong  Kiimiilus  to  the  fnrrher  development  of  the  exudation 

ella  ?  No  dotibt  by  conveying  to  ihein  an  abundant  supply 

)f  material  specially  adapted  to  their  wants.      But  our  cor- 

linly  on  this  point   makes  the  deBciency  in  onr  present 

[nowU-dgo  of  tho  circulation  in  the  newly  formed  vessels  all 

he  Hioro  sensible.      For  since  the  subject  has  never  been 

licroscopicjilly  studied  in  the  living  animal  with  the  circula- 

^on  in  prctgrt't?,  we  are  compuHi'd  to  have  recourse  to  mere 

lypothesiti.     True,  the  iiccuujulution  of  red,  and  more  e^pe- 

cinlly  of  colourless,  corpuscles  in  tho  interior  of   the  new 

re^sel-o,  nnd  the  circuiiistnnco  that  iu  tho  neighbourhood  of 

10  laticr  there  aro  contained  at  all  times  red  corpuscles  and 

very  large  number  of  white  ones — the  latter  often  in  densely 

packed  rows — point  with  tolorable  certainty  to  the  conclusion 

lat  iho  cn/oriVy  i>/  the  strcom  in  tho  nciw  vessels  is  euimder- 

\h}^ioicereil,%nA  that  a  rapid  extraeaaaiion  ofred^biti  above 

white,  hhod-forpiuu-hs   in  takituj  pittre  without  inter- 

loB.      Yet  these  meagre  facts  merely  suffice  to  ozplnin 

iiDw  the  lom  of  pnn-corpusicles  arising  through  their  continued 

iV  ■      ■     lionnnd  consumption  by  ihe  large  colls,  is  made  good, 

■         the  lattorare  constBOtly  supplied  with  fresh  material 

assintilation.     That  the  history  of   productive  inflamtna- 

bnn  is  fully  elucidated  thereby  will  be  claimed  by  no  one. 

lur  knowledge  of  these  processes  is  at  present  altogether 

cooSned  to  their  purely  murphological  side  ;  and  even  here 

toy  points  remain  to  be  cleared  up. 

•  ttmnilt  iri '   ->H-| --    •  VTtmi.  mti.  ,1»hxV,'  iB;!.  p.  438  :  SoliaefeT, 
(Pruvml.  >if  til.  t8;>i  No.  151. 
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It  i»  certain  that  all  fortUer  derelopmeDt  dep«ndii  on  the 
epiUielioid  cells,  compared  with  which  the  sttU  larger  giaat* 
cellHj  being  at  all  timos  much  fewer  in  number,  play  a  secon- 
dary part.  The  epithelioid  ooIIb,  at  first  more  or  leu  round, 
■■send  oat  proceeaos  later  oo,  aud  so  assume  the  spiodle-  or 
siar-«hape.  Those  processefl  grow  aud  undergo  further  meta- 
morphoses, in  which  the  charactan'stic  element  is  the  gplitting 
vp  inio  fine  fihri:»  and  fthriHir,  At  one  or  both  ends  of  a 
spindle-cell  a  tnft  of  fine  wavy  Bbres  is  produced  ;  while  tiiu 
brorul  surface  may  also  bo  covered  with  numbem  of  fifarUla 
by  the  differentiation  of  the  cell  protoplasm.  By  the  unioD 
of  the  Bbres  of  different  cells  there  arise  oomplete  bundlM 
of  librillED  ;  which  accordingly  are  contributed,  aa  a  rale,  fay 
fovera!  cells.  The  protoplasm  remnining  over  from  the 
fibrillfe  goes  to  form  the  &xcd  cells,  which  occupy  the  spaoeft 
iMftweon  the  bundles.  The  entire  process  of  developmeat 
tnkes  place  within  the  supportiiiy  frftmeworfc  or  network 
produced  by  the  repeated  auaiitumosiji  of  the  vascalar  arches  ; 
:and  the  structure  thus  origimited  is  in  gummu  nothing  morf 
or  less  than  trm  rasculur  eonnfclive  lUsue, 

tiuch  ore  in  brief  the  most  essential  features  of  tfaa  inter* 
■esting  aud  highly  important  process  of  tissue  pruductioa  in  in* 
Hammation,  ns  tnught  with  the  greatest  accuracy  and  prccisioD 
by  the  oft-mentioned  researches  of  Zivglur.  The  farther  deve* 
iopment  of  the  giant-cells,  if  it  occurs  at  all,  takes  placr  in 
an  exactly  similar  manner.  Many  of  them,  however,  perifth 
in  spite  of  the  vusculnn^^tion  ;  nhilo  to  their  growtli,  which 
is  loxuriant  in  proportion  to  the  poverty  in  Tessels,  vascular^ 
isatton  acts  as  a  dieck.  According  to  this  view,  the  gian^ 
cells  are  merely  hypeTirojthie  formative  cells,  the  type  n( 
which  is  presented  by  the  epithelioid  olementa ;  and  ttua  i» 
quite  consistent  with  the  fact  that  the  giant-cella  may  kliKS 
under  certain  cirounistances,  participate  in  tlio  new  f.---">-'f;.ii 
■of  vessels.*     The  details  which  are  disclosed  bytr;.  i. 

first  to  last  the  process,  extending,  it  nuty  be,  ovL^r  otany 
ireeks,  are  of  course  much  more  nnmerons  than  we  can  here 
T*for  to ;  and  the  study  more  capcciaHy  of  Zieglor**  roscarelie* 
will  mske  you  acquainted  with  many  very  remarkable  partic- 
ulars, as  well  as  with  a  number  of  varialiuua.  Yel,  (w  Uie 
*  Brodonki, '  Yirek.  A./ liiii.  p.  113. 
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chief  faotom  safficieiit  prominence  has,  I  beUevB,  been  girsn. 
Thu  circiiiiiHtniic<3  to  which  Ziej^ler  himself  nt  least  attochoa- 
chief  importance  ts  that  the  individual  corpuscles  are  not 
engaged  as  snch  in  building  up  the  tissae,  but  that  thia  ia> 
done  by  the  larger  uni-  or  mitltinnclcated  protoplasmic  bodies 
arising  from  tbeir  coalescence,  and  above  all  by  the  epithe- 
lioid cells,  which  he  therefore  expressly  designates  formativo 
eelJs.  Accordingly,  the  fixed  cells  originatinR  later  aro  not 
the  direct  offspring  of  thopna-corpusclc«,fts  believed  by  many 
authors,*  but  are  formed  from  material  which  in  its  turn  is 
derivt'd  from  the  colonrleas  blood-corpuscles.  If  the  entire 
doctrine,  in  which  Ziegler  is  corroborated  by  some  closely 
analogona  facts  of  embryology,  bo  correct,  it  throws  a  very 
emking  light  on  a  point  formerly  dwelt  on,  namely  the  un> 
importance  of  the  aapposed  mnltiplioation  of  pus -corpuscles 
by  division  in  the  exudation.  Tbe  first  step  towards  the 
organisation  of  the  cells  of  an  exudation  is  the  coalescence  of 
two  or  more  to  form  one,  t.  e.  ik  falting'offa.nd  not  an  increase 
in  their  numbers.  Or  are  we  to  believe  that  natnre,  before 
advancing  a  step,  takes  one  or  more  in  a  retrograde  direction  T 
With  regard  to  the  characters  of  the  newly  formed  vascular 
oonnnrtive  tissue,  the  form  aasnmed  by  it,  and  the  degree  to* 
which  it  is  developed,  there  may  be  the  greatest  variety 
•coonling  to  the  locality  in  which  it  ia  situated  and  the  causes 
of  the  inflammation.  The  chief  determining  element  is  the 
ahapt  and  extent  of  i)w  defect  to  the  repair  of  which  the  con- 
nective tissue  is  applied.  Very  commonly  a  defect  occutb  in 
a  connective  tissue,  which,  being  repaired  by  the  same  tiaiine, 
Hnnder^^s  what  we  formerly  called  tme  and  perfect  rcgener- 
"«tion.  I  cannot  say  whether,  in  addition  to  the  new  forma- 
tion of  connective  tissue  described  above,  there  is  another, 
»o  to  speak,  more  physiological  one ;  for  of  physiological 
waste  and  repair  as  it  may  occur  in  ordinary  fibrous  tiamio 
our  knowledge  is  most  scanty,  and  we  know  nothing  what- 
ever of  its  amount.  The  formation  of  connective  tissue  just 
portrayed  does  not  essentially  differ  in  principle  from  the 
well-known  processes  of  regeneration  in  specific  tisAues ;  for 

Aafrecht,  '  Viroh.  A.,*  slir,  p.  l8o ;  M.  Scbede,  'L«Dg«nW:V'»  A..'  x», 
'p.  I4;  O.  Biiouwra/n  Horgmfrni.*  t864J.  p.  49, 114,353;  Billrotli, 'Oesterr. 
1.  Jfthrb.,'  iTiii,  Heft  4  and  5. 
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tUe  now  vesseU  are  most  of  them  hero  formed  from  the  (41 
LoiHW,  and  tlio  apprripriation  of  cxl^ravasated  blood-corpuiiolet 
f»to  the  fiirnifttioD  of  now  conuoctive-ti»Buo  oella  would  bo  de- 
prived of  its  poculinrity  should  a  vieir,  in  support  of  wbtoh 
tjiiany  tmb-staiitUl  trrouuds  may  even  now  be  producod,  fiuAlly 
iiprovo  to  bo  true,  and  the  fixed  corpuscles  o{  tb*>  normal  con- 
nective tissue  torn  out  to  be  the  descendants,  olthoiif^h  pcr- 
iap8  only  indirectly,  of  extravaaated  uolpurloss  1'  '  .t- 
Xiscles.      But  howevt^r  this  may  bo,  tho  want  oi  '.y 

to  the  phytttolofi^cal  process  of  regeneration  is  infiaitdy 
ter  wbf-n  tbe  newly  formed  coiinective  tisauD  takes  the 
illace  of  specific  tinsuo8  tliat  have  perished;  thiK,  however, 
occurs,  wo  Imve  seen,  only  when  the  true  ref^eneratiott  vi  tbv 
itter  for  some  reason  fails.     You  will  not  ei"  newly 

^{orinod  vascular  couDective  tissue  always  to  a*-:  ni|»  it- 

self at  once  to  tho  extent  and  couGfi^ratiou  of  kho  dcftrat. 
WheOier  it  does  so  or  not  depends  on  thoeontinmi-i  '  ^i-^ 
inflammatiQu  till  the  i^fap  is  lilted  out  and  iuoc.tfiai'  '  Im 

point ;  and  a  spooial  factor,  which  wan  already  noticed  indtfe- 
SUDsing^  the  subject  of  true  (ixsue-roj^ncration  rt- 

Fftnee  here,  namely  over- prodwl ion.     It  ia   e-  j        -r 

common,  I  mi^ht  almost  say  the  mle,  for  a  supemhundancu 
of  bl Of >d- vessels,  cells,  and  fibres  to  be  developed  i  "  ( -- 

tivu  inrtsmmation.     Now  if  you  consider,  in  adcir  ih 

what  extreme  frequency  the  new  formation  of  conneetits 
^tissne  miiHl,  from  the  nature  of  the  case,  bp  n  ■]  with 

le  regeneration,  yoo  will  be  convinced  wiiln'  in-r  i»* 

qniry  that  the  picture  presented  by  productive  inllammatitni 
must  be  an  oxtraonliuarily  variable  one. 

To  illufltrate  what  haH  been  (taid,  let  oa  take  a  particular 
aaae  from  among  the  more  commonly  ooourrhig  forma  of  io* 
imination ;  for  examply,  a  larjre  %roun<l,  auch  ao  -•> 

['through  an  accidental  injart',  the  sorgioid  uxtirju^  :.  .  :  m 
considerable  tumour,  or  a  bum  of  higher  dogree.  Here  Uw 
limple  oipoKure  of  so  many  ve*<sels  \f  certain  to  ba  followed 
ly  inflammatiim ;  and  this  coutinuev,  in  the  abaooce  of  orim- 
plications,  as  long  as  any  portion  of  the  woond  remaina.  Thw 
^urfaco  of  the  wuund  now  goe?  im  grnilually  ilr  p, 

iL  ie  oailcd,  heals  over.     This  is  effected  sir 
^inafioa  0/ re'jeneratwn  with  proHucliw  injttimvh 


HEOBNERATlOX  WITH   PUnDnCTIVE  DTFL-IMWATION. 


rcgoncrativo  proliferation  of  tbo  superBcia)  epit}ioIiuta  of  the 

Mfkiii  till*  rratnnition  i^f  tlio  epidertniH  is  duo  ;  by  whtdi  proctiKi 

^K|  is  Iruo  tbo  more  •ipeciulisfd  opidomiaJ  structiiros,  tint  hairs, 

^Bobaceons  nnd  swcat-f^lanilK,  uro  nfloiilly  left  dcftcirnt.     The 

^^kvvr  fibroiui  Kubbirniiim  whii^li  Iftkcii  the  place  of  the  papillary 

^ftndiefl  and  KulM'utiineouH  cellular  tiHi^uo  i.<t  the  residt  of  the 

prodoctivo  infiatninatton.      Here  too  "oTer-prodtictioD"  in 

Hfitrikin^rly  ttppnrent,  mi  thnt  I  voa  formerly  able  to  select  the 

B|' pr«-ije«-tiog   n-d  cicatrices  "  as  typical  examples  of  it.     In 

^^11  this,  no  far  as  we  know  at  present,  it  is  immaterial  wlietlier 

^^■■•ulinti!  occurs  under  RnLiKHptir  precautions,  or  in  the  abseuce 

|Bbf  itucli.     True,  iu  the  latter  ca«e  .siippiiratiou  takes  place, 

wliioh  iu  the  funner  is  absent ;  and  it»  occurrence  during  the 

ptDCOti  of  healiu^r  leadis  to  the  LrHUsforaiation  of  all  the  cxtra- 

ttod  cells  wliiub  come  under  lliu  inUucucc  of  the  pu^t-puiaon 

■  to  true  muUtnucleiLT  pus-corpuscles,  with  a  cou8e<)uent  loss 

f)  tho  new  formation.     In  autir^optic  healinfif  there  is  iiothlnf? 

pruviMtc  their  utilisation — it  is  quite  pot<stblo,  at  least,  that 

11  extravasatod  corpuscles  arc  utilised  for  the  production  of 

formative  txdlK.     Heuco  it  if  not  difiicult  to  undorstaud  how 

10  formation  of  now  tis^iHiie  and  lIio  healing  of  the  wound 

proceed   much  more  rapidly  and  certainly  under  antiseptic 

treatment  than  when  the  surface  \h  nnprot>e<?ted  and  suppn- 

ttuif(.      Yet  in  both  cases  it  is  obriously  the  Same  prodac- 

i^D  inHamtnation,  the  same  new  formntion  of  Tesscis,  on  which 

ic  origin  of  the  so-called  vjovtul'gronulniiotui  depends  ;  and 

is  by  identical  processes  in  the  formative  cells  that  the 

mnectiTO-tissae  6bres  areprodnced.     In  au  ordinary  nmp/« 

icturv,  on  the  conlmry,  the  bone  is  more  or  less  ertea- 

brety  broken  ;  the  periosteum,  blood-vesaels,  and  muscles  are 

cvrat^^d  i   the   medulla,  intci-ranscular,  and   subcutaneous 

"cellolar  ti<(«uo  cruslied ;  and  in  addition  blood  and  lymph  are 

effnscd  Ifetwecn  the  fragments  of  the  tissues.     Thai  amorti- 

ficntiun   so  exlonsive  invariably  leads  to  infiammation  has 

already  been  stnted.     The  inflammation  is,  it  is  trne,  mild 

iu  aliaracl^r ;  yet  the  activity  of  the  extravasated  blood-oor- 

^nscloa  botli  in  effecting  the  resorption  of  the  necrotic  tissaes, 

Ind  in  healing,  is  too  important  not  to  receive  due  reco^i- 

ion.   While  the  effused  blood  and  themorlified  parts  arc  boinj^ 

tilaally  absorbed  and  removed,  repair  haa  commenced,  and 
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liere  aUo  true  regeneration  becomes  associated  vntli  a  pr6- 
dnctire  inflammation  leading  to  the  formation  of  conutctiTv 
tiasnc.      By   true    regonoration   the   penosteam,    bone,  and 
muscles  arc  restored ;  by  prodactire  iiiBammation  the  inter- 
muscular, periosteal,  and  subcutaneous  connective  tiasaaaai* 
reproduced ;   and  the  total  result   wonld  be  complete   rwii«- 
tutio  in  tnff^um,  were  it  not  tliat  a  anperabundiuieeofcaliu 
is  at  first  formed,  which  callus  usuallj  projects  above  the 
contour  of  the  old  bone,  and  encroaches  on  the  medalla  nt  ^y 
the  seal  of  fracture.     But  if  for  an;  reanon  tme  regeneration  ^| 
is  prerenfFod,  or  itn  energy  conHiderably  rednoed,  extomahro^^ 
connective>tiHsao  calla<iitie»  are  fr>nncd  between  the  nnaeobv 
masses,  and  the  ends  of  the  fractured  bone  may  evon  be 
nnit«d  by  a  fibrous  psendarthrosis  instead  of  by  callus.     The  ^m 
bands  of  cicatricial  connective  tissue  met  with  in  the  firer^l 
and  kidney  may  with  still  greater  certainty  be  regarded  as 
dne  to  an  inflamraatiou,  excited  either  by  serere  cmsbtng  or 
laceration,  or  by  necrosiit  dependiog  on  infarct  or  eomcothvr 
caow.     For  that  theae  masses  of  connective  tissue  have  ansen 
solely  by  inflamniator}*  new  formation,  and  not  byonymeta- 
mor}>bosis  of  the  specific  parenchyma,  has  been  indUpatably 
proved  for  these  organs  by  the  experiments  of  Titlmanni.* 
Whether  ho  injured  pieces  of  dead  liver  and  introdnci'd  ibeM 
into  the  abdominal  cavity  of  a  rabbit,  or  wounded  the  urgaa 
in  a  hving  animal,  be  obtained  the  same  fibrous   cieatitcea. 
The  almost  invariable  Buccesa  of  his  ezpenmenta  throw*  ^^^1 
the  same  time  a  remarkable  light  on  the  absolote  falliin^H 
which  attended  his  attempU  in  this  institute  to  obtAin  %  fiev 
formation  of  bone  from  dead  periostenm  or  cartilage.     The 
latter  is  a  regenerativo  process,  i.«.  it  is  effected  by  ^ 
activity  of  special  tissne-cells.      The  former  is  ux  iDRamma-j 
tjon,  daring  which  the  special  tjssne-cells  maintain  a  perfectly 
passive  altitude. 

The  coTTtea  also  allows  the  relatione  of  rogeneratiTs  and  tft-l 
flammatory  tissue-formation  to  be  domonstni*  -Ij".! 

If  you  excise  a  large  piece  from  its  anterior  '.   _  -    .,     .  .av* 
terise  it  over  a  not  too  limited  area  with  ibo  r«d-hoi  bBNo*] 
of  a  soundj  injection  of  the  sclerotio,  and  mtrre  •■  ■  '■  rf] 

•  SeoftlcWn, 'VlToh.  A.,'Uxii,f.543;  cf.  sUslbid^bxTu,  ^ .  «^-     rai-| 
naoat,  ibid.,  faEXviU,  p.  437. 
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the  poriptoral,  vessela  ia  wont  to  set  m  very  rapidljr.  Coloar- 
blood-corpt]8cl<*H  p(mutr«(e  ilii-ectly,  bchtio  from  the  peri- 

\ery  and  some  from  the  couJQiictiviil  Hac^  into  the  iDJared 
portion  or  into  tho  tissaes  immediately  bordering  on  the 
csofaar,  and  bore  give  rise  tu  cloudiness.  The  regensratire 
prolifRnktion  of  the  anterior  epithelium  rcry  soon  commoQoes, 
and  after  two  days,  at  furthesi,  the  entire  snr&ice  of  tba 
woand  is  covered  with  newly  formed  epithelium  ;  while,  if 
the  cautery  has  been  employed  and  the  eschar  can  bo  removed 
by  constantly  moistening  it  with  liquid^  the  remaining  defect 
rapidly  receives  an  epithelial  covering.  As  soon  as  this  has 
occarred  the  inflammation  quickly  begins  to  sabeide ;  the 
ptis-oorpuecles  that  had  invaded  the  cornea  gradually  dis- 
p«ne>  OS  is  de^10D>^rrat(>d  to  the  cyo  by  the  disappearance  of 
iht  oloudiuesH  ;  and  the  depression,  which  at  first  persists  and 
xaay  be  clearly  perceived  on  illumination  from  the  side,  also 
dicappears  during  the  succeeding  wocIcb  and  months,  owing 
to  the  regeneration,  more  or  less  energetic,  of  the  corneal 
corpuscles  and  iiitercellalar  substance.  If,  on  the  other  hand, 
the  regeneration  of  the  antericir  epitliolium  is  (or  any  reason 

aventodj  e,g.  by  a  firmly  lodged  foreign  body,  the  intiam- 

ition  continues,  and  blood-vessels  ahoot  in  from  the  peri- 
phery of  the  oornen  towards  the  heat  of  injury.     A  so-called 

jtnuf  vagrulosui  arises,  while  in  the  inHamed  area  itself  a 
jeotivo-tissiio  cicatrix,  or  laueoma,  is  farmed. 

Tnming  fwr  attonlion  for  a  short  time  to  the  aerou*  mem- 
hrttna,  wo  notice  that  in  severe  inflammations  a  loss  of  tiasne 
always  occnnt — it  may  bo  only  of  the  endothelium,  which  is 
fihed  at  a  very  early  stage  in  orory  fibrinous  inflammation. 
Soppofling  now  the  inflammation  to  continue  for  a  consider- 
abli!  period,  while  the  regeneration  of  the  ondothelinm  is  de- 
layed owing  to  the  pretienco  of  the  fibrin,  vessels  and  vas- 
cular coniioctivo  tissue  will  begin  after  a  time  to  grow  from 
tba  rabstanco  of  the  membrane  into  the  cavity.  When  this 
takcJt  place  on  two  opposite  surfaces,  the  newly  formed  masses 
of  connective  tissue  may  become  united,  and  form  band-like 
or  filaiuculous  adhesions,  or  shorter  intergrowtha.  Butnnion 
Qtied  ODi  occur,  and  the  process  often  stops  short  at  the  for- 
tflittoa  on  the  parietal  or  viscerul  layer  of  shaggy  or  fringed 
appMtdagQB,  which  cease  growing  whea  they  have  received. 
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sooner  or  loter^  a  covering  of  regenerated  endotheliam. 
is  essentiallj  the  fiame  process  which  sots  in  whua  forej, 
bodies  ot  any  kind,  e.  g.  TiUmanns'  pifKjes  of  hrer,  ara  intro- 
daced  into  the  abdominal  cavity — except,  oi  coarse^  wbta  » 
pns-poison  is  also  present.  The  Foreign  body  mccbanically 
destroys  the  portion  of  the  peritonei  endotheliiitn  in  coataoi 
with  itj  and  escites  bore  a  oiromnsoribed  poritonitia.  Soon 
the  new  formation  of  conoective  tissue  commences,  and  dor» 
not  cease  till  the  foreign  body  no  longor  touches  an  nnprm 
tected  portion  of  the  peritoneam,  t.  e.  till  it  is  compUrt«ly 
enclosed  in  a  connect irc-tisano  eaptuU,  and  has  iu  a  scoie 
been  dislodged  from  its  former  position  to  one  beneath  Iho 
peritoneam.  For  as  the  Togonoratiro  proliferation  proceodi, 
tho  external  sarfacc  of  the  capsole,  which  is  turned  tovard* 
the  peritoneal  cavity,  receives  a  complete  coating  of  eado- 
thelium.  fl 

These  examples  will  suCBce,  I  thiok,  to  elaoidate,  mb  far 
can   be   dooe  at   present,   the   eBsential,   ever-rocarrinir     ij 
features  of  the  productive  inflammation,  with  its  att«md«nl^| 
tume-formation.     That  the  consequences  of  a  productive  in-^ 
Banmation  to  tho  organism  may  diffL-r  eztn^uicly  can  hardly 
hare  escaped  your  ootioo.     Tmo,  it  would  not,  in  riow  of 
the  wonderful  adaptation  of  tho  organism  to  its  undit,  be  a  ^ 
diffioalt  task  to  show  that  the  body  could  not  roack  in  a  H 
better  or  more  advantageous  manner  to  tho  noxa  escitn^ 
inflammation  than  by  tho  ioBammatory  disiorbancc  of  tli* 
circulation;  yet  our  science  has  for  bo  long  a  period  hen 
overwholmed  with  discnseions  of  tbis  choraoier  titat  thoy  han  { 
nowadays  fallen  into   disrepute.      But,   granting  the  Irntk  ■ 
of  tho  proposition,  it  does  not  follow  that  oontidt^mbla  dtf>! 
advantage  and  danger  may  not  attach  to  in6afflma(ioD  uij 
its  comuiquenoos,  or  that  these  may  not  e7on  pr'         '  -  it». 
We  prefer,  therefore,  to  confine  oiirsBlv<>s  to  f;^'  _  is, 

indeed,  very  aatiafactory  that  a  wound  sbonld  cicstriae  bf 
granulation,  or  that  a  muscle  when  torn  sbon' ' 
some   way ;   this  is  jaai  as  mnch  a  fnrorobl 
m  foBtna  or  a  fiecal  concretion  which  hoa  eicBp' 
abdomen  should  be  there  enoapsnled.     On  f^- 
you  are  aoqoainted  n-itb  tho  evil  consequenci 
adhesion  of  the  two  layeri  of  tho  pehcardiuin 
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that  tlie  fixation  of  cue  or  more  loops  of  intestine  to 
ie  abdominal  wbII  is  verj-  far  indeed  from  promoting  peri- 
tftaUic  action.  It  is  nnneceasaiy  to  de^ribe  hon*  mach  vision 
is  impaired  when  half  or  more  of  the  oomea  becomes  covered 
wtLh  a  cuDDeclive-tissae  membrane.  Hot  liowevcr  flatly 
tho  Bignilicance  and  value  to  the  body  of  thcao  textural  pro> 
duels  may  vary,  they  have  one  conunon  characteristlo,  namely, 
afaasDca  of  that  solidity  and  invulnerability,  if  I  may  call  it 
to,  which  so  markedly  distingnisbcs  tho  old  physiolo^cal  con- 
nectivo  tissues.  The  newly  formed  connoctiro  tisHUoa  remain 
fipecially  crposed  for  a  considerftble  time,  and  but  a  trifling 
injary  ia  required  to  give  rise  to  inflammation  where  they  arft 
concerned.  But  while  tho  production  of  tissue  in  inflamma- 
tion is  of  itself  an  extremely  tedious  process,  the  vulnera- 
bility of  the  nowlj-  formed  tiasno,  and  its  liability  to  repeated 
attacks  of  dieease,  tends  still  more  to  impress  on  productive 
inflammation  the  character  of  tediousness^  to  convert  it  into 
what  is  called  the  chronic  form. 

Ton  will  certainly  have  noticed  as  an  omission  that  I  have 
paid  Little  attention  to  the  time  occupied  by  inflammatory 
processes^  although  tho  division  into  an  aciiie  and  chrotUc 
form  ia  so  greatly  in  vogue,  perhaps,  indeed,  the  most  popular 
olaaaification  of  all.  My  reason  for  attaching  bo  little  ioipor- 
taooQ  to  these  differences  in  time  ts  that  I  am  unable  to  per- 
oeive  how  the  onder&tauding  of  the  processes  in  question  can 
bo  fuotlitatcd  by  thus  separating  them.  If  you  consider  what 
has  already  been  laid  down  by  us  on  this  point,  yon  will  at 
once  remember  how  greatly  tho  interval  elapsing  between 
the  action  of  tho  cause  and  tho  outbreak  of  inflammation 
may  vary.  Immerse  tho  paw  of  a  dog  or  the  ear  of  a  rabbit 
in  hot  water,  and  after  a  few  minntes  the  speciflo  circulatory 
irbance  and  tho  aagmcntation  of  traneudation  begin  ; 
id  before  a  quarter  of  an  hour  has  passed,  all  the  cardinal 
symptoms  are  present  in  optima  forma.  If,  on  the  other 
blind,  you  paint  the  paw  with  croton-ofl  ;  or,  still  better,  in- 
luce  an  infective  plug  into  tho  median  artery  of  a  rabbit's 
itf  jfua  will  fail  to  perceive  tho  slightoat  change  in  the 
the  organ  till  after  the  lapao  of  several  hours.     But 

itto  n' -"lod  with  the  cause  of  (hia  difference.     It 

depends  bold  time  taken  by  the  uoza  excitbg  in- 
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flamnufcion  to  reach  the  vessel  walls,  and  on  tbe  period  re 
qoired  by  it  to  effect  each  an  alteration  as  may  resall  ia  aa 
inflammatory  digtarbance  of  tho  oiroaLation  ;  wherehjr,  it  ti 
tme,  the  udindnal  pecnliarifcies  of  the  resael  walls  may  abo 
oxort  an  inflnoncc  in  dotormining  whon  the  alteration  ahaD 
be  developed.  Nor  is  it  otherwise  with  its  coarse  enbse- 
qnently.  Aa  long  aa  the  eavae  is  preaeni  the  fn/toinmalMii 
eonlinuea ;  on  tho  disappearanco  of  its  caaso  the  inflaacM- 
tiosk  qoickly  coasea,  t.  g.  if  rccorery  takes  place  at  all.  A  li 
bam  of  modorato  dcfi^ee  always  heals  rapidly ;  and  when  a^| 
foreign  body  ia  expelled,  or  an  eschar  removed,  the  inflam-^fl 
mation  is  soon  at  an  end.  A  wounded  snrfoce,  on  the  other 
haodj  goes  on  granolating  jnat  as  long  as  it  is  a  wound  j  and 
if  a  foreign  body  is  lodged  at  such  a  depth  that  it  cannot  be 
expelled  the  inflammation  aroand  it  is  very  protracted.  Ano- 
ther point  is  deserring  of  notice  in  this  conneotion.  To  th* 
peraiatence  of  the  inflammation  it  is  not  necesBary  that  the 
original  exciting  agent  sboatd  keep  on  acting ;  th«  dhua— 
may  also  cootinae  if,  daring  the  coarse  of  the  ioHammatioa 
(and  it  may  be  wt  the  resoll  of  it),  new  noxas,  new  cawuof 
inflammation,  come  into  operation.  Wo  liaro  also  bvooras 
acquainted  with  good  examples  of  the  latter  kind  of  prooen. 
The  seoondary  infection  of  a  wound-socretion,  of  an  cxndft> 
tion>  neoeasarily  reanUs  in  tho  persistence  of  the  inflamau> 
lion  as  long  aa  the  decompoBitions  broaght  about  by  the  tn* 
feotion  continae.  And  althoogh  in  these  cases  tho  infeotag 
agent  is  something  foreign,  something  saperroning  from  with- 
oat(  it  is  not  always  so  ;  I  may  remind  yon  of  the  inspiiCiM 
remains  of  oxndations,  with  regard  to  which  I  formerly 
pointed  oot  that  they  act  aa  foreign  bodies  ;  and  I  may  alio 
remind  yon  of  the  new-formation  of  vesReUandof  oonneeti' 
tiiune,  tho  dangers  attending  which  I  shall  soon  hare  to 
more  minutely.  Ton  see,  wo  have  not  far  to  seek  for 
which  make  it  posaihlo  for  an  in6amm&tion,  at  first  om/s,  ID 
persistj  to  become  ekronte.  The  nature  of  theproca«a,  bow- 
erer,  is  by  no  means  changed  ;  and  as  regard*  tho  alt'.^a^^>!i^ 
effected  in  the  symptoms  by  the  chranicity  oE  tho 
these  may  be  so  easily  iDEorrc<l  for  iu<T'  "  '  ■•v^r^  il,ai  i 
DOed  not  stop  to  speak  of  them.     Dot  i  .    'lAnim 

cftDf  and  indeed  very  Irequently  dooB^  >..  t 
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Ita  symptoms  may  at  firat  bo  so  trifling  that  tlio  com* 
mCTiccmont  of  the  disoanc  ia  qaite  nnperceivcd,  or  oUe  vagiie\j 
njarked  ;  and  thin  is  dno  either  to  its  tri6ing  interuiity,  or, 
wbnt  is  more  common,  to  the  circamstance  that  in  ea^lrmt  the 
process  is  at  tho  .start  minimal.  That  nlight  itiflamninttons 
(if  this  kind  oro  exceedingly  common  every-day  ocCDrrencos 
there  is  not  tho  least  doabt.  No  attention  is  paid  to  them, 
^■nd  they  really  deserve  none  when  they  dimply  disappear. 
^^But  under  certain  circumstances  they  do  not  disappear,  or  at 
^^■ost  snhgide  a  little,  only  to  nndei^o  anew  a  slight  exacer- 
^^^tion  ;  then  there  arises  in  the  vicinity  a  similar  inflamma- 
^^pon,  in  iUelf  triHing,  and  runs  a  similar  course,  and  bo  on. 
^H!li6  6Dal  result  ninst  evidently  be  precisely  the  same  as  if  an 
«cut«  inflammation  had  become  chronic,  t.  e.  tho  affected  part 
does  not  for  a  long  period  rcaaaumo  its  normal  condition,  a 
more  or  loss  permanent  circulatory  diatarbanoe  of  modorato 
d(?gTce  with  all  its  consequences  haviug  become  ostabliahod 
it.  It  is  often  hard  to  say  subseqaeutly  what  are  the  con- 
ions  tmdor  the  inflnonco  of  which  these  insidious  chronic 
Tnllammalions  hnvo  developed.  Not  micommoDly  it  iHt4)  fre- 
qoenily  recurring  noxse,  trifling  in  tbemsclTefl,  that  many  a 
chronic  rliDamatiHrn,  catarrh,  nephritis  or  hepatitis  must  be 
erred.  Hut  nothing  so  favours  this  chronic  course  as 
ia  general^  so-called  constitntional  diseasea,  like  tuber- 
Uj  trfphilxn,  &c.,  to  which  again  the  rule  that  the  esaon- 
ttal,  nltimate  canse  of  inflammation  ia  of  a  pentintent  character 
perfectJy  applicable. 

Am  to  what  inflammations  should  be  included  nnder  the 

totio  chronic,  joq  will  not  expect  that  cases  in  which  the 

disease  stops  short  before  a  tumor  is  produced,  or  perhaps 

.foes  on  to  the  formation  of  a  serous  exndation,  will  last  long 

ugh  to  be  regarded  as  chronic,  so  that  when,  for  example, 

puncturing  a  pleuritic  effusion  of  old  standing,  a  clear 

cvrooa  floid  is  almost  the  only  thing  obtained,  you  may  ba 

absolutely  certain  that  more  or  less  extensive  fibrinous  deposits 

ain  within  the  thurux  on  Ihe  surfaces  of  the  pleura.      But 

uisitely  chrouio  purulent  inflammations  occur,  and  here  too 

both  forms,— that  ariting  oat  of  an  acute  inflammation, 

-  empyema,  aud  that  setting  in  insidiously  from 

J  abBDcewa  of  ^laudcrs  and  the  so-called  chronic 
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pyeemia.     To  the  s&me  category  belong  tho  mncb  dueoued 
coM  ahtceitet,  in  which,  as  tbe  name  imptit'S,  one  crit 
o£  acute  in  Qam  mat  ions,  the  calor,  in  greatly  reduced  or 
.gether  absent.     At  this  stage  of  our  diBcassion  I  need  hmrdljr 
point  oat  what  this  "  coUness'^  iadicatee,  for  you  know  ihu 
the  temperature  of  an  inflammatonf-  fooua  can  never  fall  below 
that  natunl  to  the  affected  part  in  a  normal  state,  except 
vrben  the  retardation  of  the  blood -utream  through  its  veiaeb 
preponderates  over  the  tncreasvd  supply  brought  about  bj^ 
the  vascular  dilatation,  i.  e.  the  hyperuiraia.     This  also  tX' 
plains  how  it  is  that  this  chronic  suppuration  cannot  well^ 
lead  to  a  new  formation  of  resnels  and  tissue.      The 
important,  and,  if  you  wiU,  most  typical  form  of  chronic  ie< 
flammation  is  therefore  the  yroductit^,  or,  as  it  is  ■■■■ ' 
the  adheaive,  tvhether  it  originates  in  the  simple, 
fibrinouSfOr  pnrulent  variety.     The  manner  in  which  inch  a 
productive  inflammation  is  developed  from  an  acute  one  liau 
just  been  minutely  disoQasedj  and  it  need  hardly  bo  addtd 
<(hat  in  the  tnsidioua  caaea  alao  the  adhesiona,  thickenings, 
and  callosities  are  inv&riably  due  to  small  exadatioiu. 

I  hare  already  more  than  once  hinted  at  my  reason  forrv* 
^rding  adheaive  inflammation  as  the  most  typical  cbrofrie 
form.  It  is  the  ^t,  confirmed  by  innnmerable  experienoea. 
that  the  newly  formed  vessels  and  tissnee  themaelTea  ooiuti> 
tote  fnah  eaiuea  of  inflammation.  At  any  rate  they  nay 
become  so ;  for  the  most  trifling  noxa  at  once  altera  the  Aoir 
through  them,  and  immediately  leads  to  a  renewal  of  llw, 
transudation  and  extrarasation.  Moreover,  the  ooheaioo  o| 
the  walls  of  the  new  Teaaels  is  certainly  not  normal  ;  and  Urt^ 
many  htemorrhagea  which  ensue  oa  the  Hlightent  prv\ 
are  not  alt  brought  abont  by  diapedesis  but  are  some  of 
doe  to  ruptnre.      A  most  pernicious   rirrufu*   '  '  '  ".'.-w 

begins;    for  while  fresh  exudation  is    repeated^       --^i-*i=S] 
from  the  new  Teasels,  the  exaded  materials  are  meanwl 
transformed  ioto  new  vascolarised  mumbranoa,  so  that,  evM^ 
when  the  original  cause  of  the  inflammation  Iiaa  long  aimt 
disappeared,  no  rest  is  allowed  the  afTcoted   organ. 
might  he  tumpted  to  ask  even,  how  under  these  cij 
can  such  adheeivo  tollammationt)  over  come  to  an  lind. 
indeed  the  oonditiana  be  so  favorable  that  Uie  n< 
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Tesfiela  and  tissacs  are  protected  for  a  lime  agninst  injarionB 

■nflaences,  and  bo  become  consolidated  and  acqniro  powers  of 

«8tance  equal  to  those  of  the  old  ones.     When  this  occurs 

!ie  rirmliui  vxiiomut  is  broken,  and  the  entire  process  termi- 

ted.     Yet,  unlike  other  terminations  of  inflammation,  the 

»rt  is  not  restored  to   its  original  condition,  for  the  newly 

formed  tissues  are  permanently  present.     They  fake  the  form 

adkrnont,    ihickenitigf,    inditrationn,    apptndagf^t ;    their 

wgetnent  being  deteruiined  essentially  by  the  build  and 

itomioal  Btructuro  of  the  organ  in  which  the  inflammation 

lu  been  stjatud.     Along  the  vessels  and  other  canals  we  bare 

inbutoT  inthiratiuns   (periurteritiSj  peribronchitis,  and    also 

perineuritis) ;    in    connective -tissue   membrajtea  tendinous 

itekening    and  opacity   (arachnitis,    endocarditis)  ;    around 

)reigo  bodies  moru  or  less  thick  con uecti re- tissue  capsules ; 

the  serous  membranes  adhenonn  aud  membrarunu  depom- 

%ona  {plearitis,  pericarditis,  peritoDitiSj  arthritis,  and  pivchy- 

leoingitis)  ;  and  lastly  in  hepatitis,  nephritis,  orchitis,  an 

of  the  interstitial  conneclivs  linue.     However  much 

leee  may  differ  in  external  habitus,  we  have  in  every  case 

do  with  one  and  tbo  same  thing,  namely,  nettly  formed 

aeular  connective  iiggut,  the  final  product  of   a  chronic  in- 

iation  which  has  generally  speaking   already  run  its 

irao.     But  since  the  process  has,  as  a  rule,  terminated,  it 

.  not  really  correct,  as  yon  will  admit,  to  still  speak  of  chronic 

lammation  when   describing  the  abore-mentioned  condi- 

18,  and  the  names  you  have  just  heard  would  hardly  be 

nai>— the  adhesions  of  the  pleura  would  scarcely  be  termed 

'pleurititi,  or  the  condensed  and  increased  interetitiul  tissues 

of  a  liver  or  kidney  be  known  as  hepatitis  or  nephrilia^-did 

not  one  circumstance  very  emphatically  point  to  tJie  progress 

almost  everywhere  of  a  continuous  change.     This  is  the  pro- 

srty  and  tendency  of  the  young  tissues  to  shrink,  to  shorten, 

eonlraci,  after  the  actual  formative  process  is  at  an  end. 

^ith  regard  to  the  cause  of  the  coutraction,  I  would  not 

ive   yon,  led  astray  perhaps  by  the  expression  employed, 

.  EUpposo  that  (L  consists  in  any  remarkable  or  even  enigmatical 

sperty  or  power  peculiar  to  the  iutlammatury  new>fonna- 

in.     The  process  is  rather  Co  be  placed   in   a  very  exten- 

eategory  of  pathological  phenomena,  to  which  the  term 


"  active  atrophy  "  is  commoolj  applied.     ReMmDg  the  mot 
thorough  disooBflioD  o£  this  process  for  a  sobseqnCQt  occmionj 
it  will  now  be  suflicient  to  call  attcoticm  to  tlio  thId^  thai  /\vj 
organism  pnwerrec  nolbin4j  vshich  il  canttvt  in  some  way  utiU* 
for  iU  purpoteg ;  and  oa  calling  to  mind  bow,  in  ioflami 
toiy  TOgenoration  and  connect iTe-tiesoe  formation,  an  exccaa 
(i.a.  over  tbo  nocda)  is,  aa  a  role,  producodj  it  will  appear 
bat  a  simplo  cousoqaonce  of   this  rule  that  a  diminattou,  a 
disappoaranoo,  should  eabsoqucntly  tako  place.     Thia  grada* 
allj  progrossiro  atrophy  iurolves  mainly  the  newly  fomed 
Teasels.     In  pauuns  vascnIosuB  of   tho  oomoaj  in  tha  stifMr< 
abnndant  formation    of   granulatioua    in  wounda,  &o-adled 
caro  luxurianSf  or  in  other  casoe  where  the  atrophy  iaadTan- 
tageouR,  tito  physician  is  often  called  upon  to  (urtlicr  iL,  and 
the  production  of  mortification  of   the  Teasels  by  means  ol 
nitrate  of  silver  is  mostly  attended  by  tbc  best  resalts.     Y< 
saoh  assistance  is  far  from  being  ncccsnary  evcrywlierc.     Tbi 
gradaally  increasing  palter  of   tho  cicatrices,  which  werv  afcj 
first  so  intensely  red,  teacbea  that,  as  time  passes  on.  lk< 
newly  formed  ressels  nndergo  atrophy  and  dis;ii      . 
without  tho  aid  of  the  physician's  tu-t.     The  c^     _      ■  Um' 
vessels  isqaiokly  followed  by  the  atrophy  of  the  new  connsfr- 
tivo  tissue  sarrounding  them,  as  well  as  of  any  supcrflootu 
portions  of  the  specilic  ttssuos  originating  in  true  nrgontr** 
tioo.     In  thia  way  redundaut  luyora  of  epithelium  and  maoMi 
oE  oallus  disuppear ;  and  thu  highly  vasoular  adhesiotta  at* 
transformed  iuiv  vthite,  Undin'/us  cicatrices.     Bat  in  addition, 
io  these  obaogea  of  an  advantageous,  or  at  any  rate,  harm- 
less character,  others  uf   much  greater  mameul  mny 
from  the  process  of  coutmution.     It  may  lead  to  atenosia 
tnbolar  organs,  as  a,  g,  the  blood-Tcesela,  the  duciti  of  glaad<« 
the  intestines,  tlie  air-posaages  ;  or  compmaioT>  '  \u<.a 

may  be  tho  result,  e.g.  in  connection  with  thi>  ,  ilw. 

tttertts,  or  tho  FaUopiaa  tubes.     Again,  tho  oontraction  my 
end  in  the  atrophy  and    destmetion  of  grunt 
parenohymntooB  organs,  as  oconra  in  cirrhoiis 
and  in  contracted  kidney  ;  in  shortening  and 
the  valves  of  tho  heart ;  or  in  fibrons  ankyloii- 
with  tvaulting  malposition  of  the  ofFected   limb, 
more  such  cxainplea  might  be  given,  but  tho  i 
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tot  to  show  that  tho  same  cUroutc  form  of  inflammattou, 

W  effects  of  wbich  arv  uUerly  tiniinportaiit  wlicii  a  circum- 
ribed  pleuritic  aUbufiion  or  cluuiiiug  of  the  nmuioges  is  the 
tltj  may  at  times  be  attended  by  tbe  most  serioas  coiiso- 
ices  to  tbe  hnman  orgaaism. 


We  have  now  completed  our  discassion  of  iaflammation. 
J  Kato  attempted  to  lay  before  you  in  detail  the  peculiarities 
o£  the  circulatory  disturbance  on  which  this  process  depends  ; 
I  bare  onmaorated  tho  causes  capable  of  producing  the  dis- 
Inrbanco,  so  far  as  they  are  at  present  known,  and  I  have, 
in  conclusion,  dealt  with  tho  aobaequont  destiny  of  the  in- 
flanimntory  products.  Throughout  tho  entire  exposition  I 
have,  I  believe,  clearly  distinguished  between  what  has  already 
boou  added  by  obaenratioa  and  experiuieut  to  tho  body  of 
thoroughly  established  scientific  £&ct,  and  what  ia  still  of  a 
hypothetical  character.  Nor,  I  think,  have  I  concealed  from 
^^bm  bow  great  and  palpable  are  the  gaps  in  many  porticos 
^^K  this  labject.  I  need  only  mention^  e.  g,  tbe  inBde<]uacy 
^^B  oar  knowledge  with  regard  to  the  nature  of  the  changes 
^^k  tho  Tossol  n-alls  as  well  as  of  the  chemical  processes  taking 
place  iu  tho  oxudations.  Bat  whatever  I  may  have  said,  il 
WAS  with  tho  ovonta  occurring  in  connection  with  the  circu- 
inn  and  transudation  that  1  chiefly  concerned  myscU ;  and 
rctrogrossive,  and  more  especially  the  regenerative,  pro- 
taking  place  in  the  tissues  and  their  olomeuts  during 
inHaramation  should,  I  considered,  be  introduced  only  on  prac- 
tical gronndsj  because  of  their  nearly  constant  association 
with  the  inflammatory  process  proper.  Inasmuch  as  we  were 
dealing  with  tho  pathology  of  the  circulation  1  was  justified, 
^  I  think,  in  confining  myself  to  a  discussion  of  the  disturb- 
^^kcea  connected  with  the  vessels,  and  in  refraining  from  a  con- 
^^^demiioa  of  tho  alterations  occurring  in  the  constitution  and 
^^■nciion  of  the  inflamed  organs.  In  treating  of  the  patho- 
^^ftgy  of  tisiiae-tuetAbolism  we  shall,  in  any  case,  hare  to  return 
^^b  the  sobject  of  the  retrogressive  changes  and  the  formative 
procesiies  in  ibe  tissues,  and  not  tttl  after  wo  have  dealt  with 
the  patbology  o{  the  kidney,  the  stomach,  in  short  of  each 
organ  imlividtuilly,  con  the  foucLional  disturbances  attending 
a  nephritis,  gafitritis,  &o.,  be  properly  explained. 
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The  onlj  sabjoot  wliicb  might  nuluniUjr  be  appended  hftt 
is  R  discnsaion  of  the  conseqaeores  resuttiiig  to  tbi-  rimilntur 
meclianimf  i.  e.  io  the  heart  and  vessels,  frum  icifluauiialioiu.j 
But  oaghb  yon  need  to  be  reintnded  how  important  a  port 
ptnyod  by  inBammatory  processes  amoog  tbo  {ncLora  detract* 
ing  from  the  effective  work  of  the  heart  ?  Pericanlial  fffu- 
sions  and  synechia  of  the  pericardium,  absceBseSf  aad  fibroiu 
iadaratioDsof  the  myocai-dium,  adbesioDs,  and  retractioDs  oij 
the  cardiac  valrcs, — what  ore  they  bat  the  products  and  ler- 
minations  of  inflammatioas  of  all  varieties,  from  the  fibrinocu 
to  the  pomlont,  on  the  one  hand,  and  to  the  productive,  oo 
the  other  ?  Nor  can  I  add  anything  to  what  you  ahready 
know  aa  to  the  significance  of  inflammations  for  the  veauU. 
It  is  obvious  that  the  fO$9taaui%  of  ram  rvorHTn  determlao 
vbether  the  vessels,  as  orgaua  or  independent  part*,  mn 
become  the  seat  of  an  ioflammatton.  Ouly  in  vessels  wboie 
calibre  is  ttucb  that  their  w«lU  are  sapphed  by  vas»  rosor 
can  an  arteritis  or  a  phlebitis  occur.  They  are  Uieu  liable 
produolive  or  to  purulent,  to  acute  or  chronic  inflammatk 
It  nrould  be  difficult  to  find  better  examples  of     '  I^^^l 

ductivQ  inflammation  than  are  offered  by  endo-  '  ^  -irlo-^ 
ritis  fibrosa,  while  the  purulent  phlebitis  which  seta  in  as ' 
result  of  tho  puriform  softening  of  a  thrombus,  ur  in  coi»»1 
sequence  of  the  extcn»iou  of  a  phlogmonoos  ioflammaLioo  to 
the  wall  of  a  vein  in  its  proximity,  roprodaces  wen  tu  ll« 
miuuteht  details  the  typical  characters  of  an  infectivp  purolflBt 
inflammution.  Batyuu  will  hnrdly  desire  that  1  tthnuld  now 
recur  to  a  subject  with  which  wo  so  thoroughly  oocnpied  oBr* 
selves  only  a  short  time  since. 

Such  being  the  state  of  uEFairs,  it  may  perhaps  be  mon 
profitable  to  turn  our  attention  to  another  aspect  of  the  rcl 
lions  subsisting  between  the  circulatory  bv  and 

flammation.      If  inflammation  bo  tiimply  a  p'  <ltent 

of  the  vessel  walla  brought  about  by  some  abuormal  oondit 
which  acts  for  &  certuin  period  on  the  vc^seU  itnd 
their  reaction,  ore  we  not  irresistibly  compL-Iletl  u>  aek  w1 
a  considerable  deviation  of  the  circulation  from  the  noma 
may  not,  or  rather  muse  not,  become  ft  oaUM  ■' ' 
tion  i     Now,  among  the  caaecs  of  inflaniBiKtiilA'n 
the  acquainlAuce  of  one  local  disturbauoo  of  th 
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Ij,  serore  arterial  taclisQinia  of  long  daratioii.  K  a  vas- 
ettlar  arpa  bo  for  a  ccrtnJn  time  deprived  of  artorial  blood,  a 
slaxation  of  tho  nioscalur  coaU,  with  very  eonsidcrnblp  dila- 
bioa  oE  the  resscls,  is  tho  result.  At  the  aamo  time  the 
are  altered  in  such  a  way  as  to  oppose  an  inoroa^ed 
riotional  resistance  to  tho  blood  ;  and  the  capillaries  and  Tcino 
Rcomo  tnnch  more  pertncablo  than  before,  not  only  to  tho 
juor  sangninis,  bat  also  to  tho  corpuscular  oloments.  Alt 
(actora  making  np  an  inBammatory  disturbance  of  the 
julation  are,  you  will  notice,  present  hero  ;  and  when  yoD 
le  an  ear  in  this  condition,  t.  e.  greatly  swollen,  of  a  dark 
hoe,  hot,  painful,  and  movable  with  difficulty,  you  have 
not  a  moment's  hesitation  in  pronouncing  it  "inflamed."  It 
tme  that  no  similar  effect  is  observable  in  connection  with 
le  other  disturbances  of  the  circulation  which  might  here 
10  iato  consideration,  namely,  the  slighter  degrees  of 
taimia  and  venous  etagnation,  oren  when  they  persist  for 
very  long  time.  But  in  view  of  the  essential  differences 
lu  the  nataro  of  the  circulatory  disturbance,  a  like  effect  is 
ircfly  to  b«  expected,  while  it  is  easy  to  show,  on  the  other 
id,  that  theao  alterations  of  tho  normal  circulation  may 
acquire  considorable  importance  in  inflammation.  They 
ly,  in  tlio  first  place,  exert  an  inflQcacc  on  the  severity  of 
process,  an  well  as  on  its  duration  or  courte.  In  an 
lamic  organ  the  great  danger  attending  inflammation  is  its 
liability  tu  terminiite  in  gangrene— a  result  which  may  be 
try  readily  demonstrated  on  a  rabbit's  car  by  adopting  the 
?thod  of  Samuel,**  and  tying  tho  principal  ortory  of  the  ear 
fore  painting  with  croton-oil.  Precisely  analogous  cxpe- 
are  but  too  commonly  mot  with  by  the  physician  in 
its  with  ancompensated  or  imperfectly  compensated  c«r> 
diac  lesions ;  where  any  inflammation  that  may  set  in  is 
saracteHaed  by  its  tediouancss  and  serority.  They  may,  in 
l«  second  place,  act  by  causing  inflammation  to  b«  set  ap 
nox»  so  slight  that  were  the  circolation  healthy  no  reac- 
>D  whatever  would  take  place  ;  the  most  striking  examples 
tliis  are  afforded  by  the  so-called  hypostatic  inflamroa^ 
From  these  &cts  bat  one  inference  can  be  drawn, 

•  SuiufI,  *  Vinb.  A.'  xl,  p.  ^13,  xtin.  p.  553,  li,  pp.  41, 178,  It,  \>.  380. 
,'llg  JtttUuudnnffprocew.'  Leiptiy,  tSjj. 
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tiiAt  the  veaael  wall  has  been  reduced  bf  tho  antieoedcnfe  cir> 
ciilat-or^'  iliHtnrbanco  to  a  rijndition  uf  whab  may  lie  caOvd 
unntaile  i-^ifuiltfrrium,  horn  wiiicb  it.  is  only  a  step  to  the  aotoal 
ioBamtntttory  altomtton. 

But  not  mtirty  must  the  eirfuiiition  ha  normal  ii  the  \i 
are  to  raaintjiin  their  condition  nnirapwrtd ;  the  blootl 
mast  be  normalltf  conntiltited.     Ucnoo  yoa  will  not  ba 
priaed  to  leam  that  resnlts  verymmilar  to  those  >  'iji 

itidividiiuls  with  local  tlisturbauee  of  ihocireolati 
ia  peraoQft  whone  blood  has  undergone  important  ch*ngw 
comiHJsition.  T  formc-rly  pointed  out  (p.  3-^8)  ^^ 
of  all  intlnmrnatiooR  in  kydrmmic  and  diahclic  Htii  ^^ 
ft  severe  coarse  and  to  ttirmioatt*  in  gangrene.  Moreover,  1 
second  point  of  similarity  between  the  two  classot  of 
namely,  the  gn'at  proneuess  to  intlammatioTis,  is  au  ooiiaid«V> 
able,  especially  in  bydnemio  individaals^  that  hydnemia  may 
Fairly  bu  rogarded  as  a  prediKpojtiiiij  ettune. 

Although  under  the   circumataocoa   jnst  mootioned  tiiit^ 
predisposition  is  quita  iiiteHigiblo,  wo  ara  as  yet  nnabte 
state  tho  causes  uf  that  peculiar  readinou  and  frotjnency  witLl 
which   many  individuals  acquire  this  or  thai  inflamtaatioB 
nnder  tho  inHnence  of  partionlnr  noxso — noxse  vhioh  perlupi 
produce  nn  clTect  whatever  on  others.      At  present  wo  Iww 
DO  alturoativo  bat  to  assame  thoGxtetcnoe  of  a  certain /ni^ 
ncM  of  cunstituiion  in  the  vessel  waits,  aa  the  rcenlt  of ' 
thoy  possees  loss  cipnrity  for  rosistanco  tlmn    is  oonnLl 
Thia  feebleness  or  incapncity  For  resistance  naay  be  acqninhl^ 
but  there  is  no  doubt  that  it  may  also  bo  connrnUttl, 
at  least,'  wo  mvet   with  perftona  who    from  childhood  ar#| 
attacked  on  evory  alight  provocation  by  a  catArrli  of  son* 
one  of  tho  mucontt  membrones^  ib  appears  bat  a  slop  tci  till 
assumption  that  the  vessels  of  these  membranes  areapoctt 
*iUKrjilihif  of  irritntioH  and  injury  and  are  tlfjidmit  li» 
ifuf  power.     And  such  an  hypc*thusi>t  meetSj  it  ts  obviouji»  wil 
tsatisfaeiory  confirmation  in  the  fiiot  that  oertoto 
tionti,  or  rather,  iutlammatious  oE  certain  orguns.  ^ro  ftt'i 
tary  in  many  families.      It  is  not  tho  inHamn  -Mt 

but  the  jrredirjioniitm  to  inQauimiition  depeiv 
stitutiun  of  tho  veasoU  that  is  hero  traasc::...  . 
Will  thereforo  carefnUy  disLzn^ish  between  ihesa 
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ihe  direct  inheritanct  of  an  infiamwation.  InHainmaiiou  may 
bo  inheriU'd,  bnt  only  ■when  it  belongs  to  the  infur.tivc  olass. 
When  the  cliild  of  a  syphilitic  father  comes  ioto  the  world 
with  a  gammaious  periustitis  or  liepatitis  he  has  inherited, 
noi  ihe  predibpoBilion,  bat  the  frjterljtc  inferiive  injtammatioit 
itself;  in  other  words,  the  rautifl  uf  ihe  injlammatitm  is  also 
trftnamttted  from  the  fatlier  to  the  child.  The  manner  in 
which  this  result  in  brought  aboat  is  capable  of  bein^  ex* 
phuned  from  oar  proseTic  theoretic  standpoint.  Two  alter* 
natires  present  IhemselveB ;  the  first  that  the  vims  in  qaeetion 
u  alrea(ly  infermiiiglM  tritlt  th/t  gentraliri^  prodtu-is  of  the 
partnij,  with  the  semen  or  the  ovum,  and  is  accordingly  in- 
corporated with  the  embryo  from  the  first.  So  far  as  I  see, 
we  are  eomj>eUed  to  accept  thin  hypothesis  where,  for  example, 
J^  child  of  a  syphilitic  father  is  bora  with  the  diseaso 
^Kle  the  mother  has  remained  free  from  all  symptoms  of 
"Syplitlis  both  before  and  during  the  pregnancy.  Moreover, 
in  &Tonr  of  this  assumption,  which  many  may  think  mysteri- 
OM  or  at  least  very  rash,  there  is  a  very  complete  analogy, 
and  &  gross  one  to  boot,  in  the  well-known  j^f/rine  or  " spotted 
diseajh! "  of  vilk-wornw,*  a  disease  which  proves  so  destructive 
to  the  entire  brood  becaasc  the  eggs  and  the  semen  of  the 
affected  iadividnaiR  also  containst  the  germs.  There  is,  bow- 
ever,  another  means  whereby  the  "  inheritance  "  of  infective 
infiammations  and  of  infcotivo  diseases  in  general  may  tako 
phico,  namely,  by  hifectvm  through  the  medium  of  the  placenta. 
For  to  deny  the  po&aibilily  that  the  parasitic  vims  contained  in 
the  placenta  may  pass  from  the  circulation  of  the  mother  into 
that  of  the  child,  on  the  ground  that  particles  of  vermilion, 

«ich  havD  been  introduced  into  the  blood  of  the  pregnant 
)ibit,  cannot  be  discovered  in  the  vessels  or  tissaes  of  tho 
tnB,prcsnpposos8nchan  amount  of  »«iyc(c  as  almost  Lomako 
Uh  possessor  an  object  of  envy.  On  tho  contrary,  we  are  at 
pfwent  acquainted  with  a  scries  of  facts  which  are  calculated 
to  completely  direst  this  possibility  of  its  hypothetical  char- 
On  tho  inbject  uf  jj^brlno  cf,  tlie  tminoniiis  pKptn  by  Pul«vr  in  th« 
vol.  &I  tks  '  CotDpt.  rend. .'  Frey  and  L(<bert.  •  TiPrteljahri*:lirift  d. 
iK»r»cb.  lie*,  in  Ziiriok;  iS^ti;  Basfi.'L*  Pebrins,  Ual«ttis  del  Bsco 
I,'  Uilaoo,  iStiS :  llabadsadt  u.  Vflnoa, '  i^Lwliva  dbor  d-Kurpsrvbcn 
i,'  WlsD,  iS;o. 
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acter.  It  has  over  and  over  been  obserrecl  Uiat  the  children  of 
mothers  who  have  passed  throngh  an  attack  of  variola  daring 
pregnancy  have  been  born  with  pnstttles  or  their  cicatrices  ;* 
and  perhaps  still  more  conrincing  is  the  fact,  testified  to  by 
many  observers,  that  the  spirillum  of  relapsing  fever  ia  dis- 
coverable in  the  blood  of  the  foetos  when  the  mother  has 
fallen  ill  of  this  disease  during  pregnancy,  t  Moreover,  the 
transmission  of  measles  and  of  scarlet  fever  from  the  mother 
to  the  foetna  is  reported  by  a  few  aathors.}  A  short  time 
ago  there  occarred  in  our  institute  here  the  case  of  a  child  a 
few  days  old,  in  whom  the  autopsy  revealed  an  exqnisitft 
synovitis  involving  many  of  the  joints,  which  contained  a 
cloudy  fluid  rich  in  pos-corpascles.  No  absceas  br  injury 
was  anywhere  present,  bat  the  mother  had  been  for  seveial 
weeks  previously  prostrated  by  a  severe  rheumatic  fever. 
Who  would  undertake  to  decide,  on  the  facta  of  this  case, 
that  an  intra-uterine  infection  with  the  virus  of  acnte  rheu- 
n^tism  had  not  here  taken  place  ?  Whether  infection 
throngh  the  mediam  of  the  placenta  occurs  in  syphilis  is  still 
a  moot  point  with  syphilologists ;  a  priori  I  see  nothing 
against  it. 

•  Cf.  h.  Meyer,  'Tirob.  A,,'  Ixxix,  p.  43. 

t  S[ntz, '  Die  Becurrenupidemie  inBresUn  imJabre  i879,'L-D.  Bralu, 
1879 ;  Albreoht, '  Petenb.  nied.  Wocbemcbr.,'  1880,  No.  18. 
i  Cf.  BuQge, '  Volkmum'wbe  Voitrsge/  No.  174. 
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vtr  the  pathological  changes  in  the  vessel  walls  which  mast 
bAessartl;  infloonce  the  circulation,  the  intrrruption  of  (heir 
ItftHuifj/  still  remains  to  be  dtscnssed.  The  effect  of  soch 
ItcmtptioD  maj  be  expressed  in  few  vordB.  \Vhen  a  defect, 
gap,  is  produced  at  any  point  in  the  Tascular  aystem  all 
Bustance  ceases  there ;  and  the  blood  wilt  in  comieqaeiice 
B  lomrds  it  and  escape  through  the  aperture,  with  an  energy 
^Bb  oftturaUjr  is  greater  the  higher  the  pressare  prerailing 
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in  the  part  of  tbe  vaaealar  syBteFtn  inrolTod ;  bleeding,  haaior- 
rhage  ocean.     Inaamach  as  an  interraption  of  con^nnity  nuij 
tako  place  at  any  point  ia  tho  circolatory  appantiiB.  tb^H 
bleeding  may  proceed  from  the  heortt  or  the  hcmcnTltag^H 
bo  art«rial,  vefums^  or  eapillary.     We  rooagniso  in  additioi^V 
a  paratehymaious  form,  where  Urn  blood  escapos  front  mrterio, 
veins,  and  capillaries  together.     MorcoTor^  thesa    hsmork 
rfaages    are  differently  named  accordisf!;  ns  tbo  quantity  ol 
blood  MCftping  from  its  nataral  reaerroir  is  ^^reater  ur  Icm. 
Tho  smallest  of  all,  which  are  at  most  not  larger  tbaa  t 
pin's  bead, aro  calli^d  punettfitrm  hsfimorrhages, ecrhu 
peUchiae ;  vhon  tbe  bleeding  is  somewhat  larger   i 
Bt^tuMn  is  employed.     If  the  racBbcs  and  interstjces  of  a  pail 
aro  filled  to  dtst«n9io&  with  blood  as  the  result  of  bsanor- 
rh&ge,  there  being  at  the  same  time  no  tearing  en-  hrtial 
down  of  tbe  tisBnea^  the  condition  is  called  a  hrnmarrka^t 
infarct.      When,  on  the  other  hand,  the  tisanes  of    the 
are  disintegrated  we  apeak  of  a  bAtnorrhaffie  or  apoplcfWc 
fccvs ;  and  if  tbe  bleeding  is  so  copioas  that  tbe  eSaxd 
blood  forms  an  actual  tamouTj  of  Or  AjprnafffiRd  or  bloody  (umw. 
All  these  are  badmorrbages  into  the  tissues  surroanding  ibe 
vessels,  or  so-callod  internal  bsamorrhages  ;  contrasting  with 
which  are  tbe  formic  termed  i-xiemat,  where  blood  is  effoied 
directly  outwards  or  into  cavities  lying  rery  near  tbe  exterior^H 
of  tho  body  and  communicating  freely  with  it,  f .  g.  tbe  caTJIta^H 
of  the  mouth  and  noeo  or  tho  vagina.     Tntermo/I'       ''    '  >  p^^B 
these  are  tbe  bRemorrbageH  into  cavities  far  rtt   . 
tho  surface  of  the  body,  as  e.  g.  tbe  stomach  or  smaU  bronelu 
or  into  cavities  having  no  outward  commnnicniinQ,  like 
Neron.<)  sacs;  yet  these  varieties  aro  also  coniiufnlv   term^ 
inUmat, 

I  need  hardly  describe  the  appearance  of  an  extr«v 
forindet-d  I  know  nothing  with  which  it  could  boconfoD 
Tet,  on  meeting  with  an  aggregation  of   bluod-corft 
outflide  the  vesjsels,  it  would  be  rftsh  to  ussnmr  ' 
a  vessel  must  be  mpttirfd  there,  and  harmorrho_,        ,    ;j 
bare  occurred.     The  exporioDco  we  have  alreaily  Lad 
ccrning  the  diapedL 

to  do  BO.     In  two  • ..    i    .:      

a  passage  of  red  blood-corpnjiclra  thr 
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9I  wall  takos  place  j  in  one  as  a  conseqnenoe  of  mechanifal 
raoAia^  and  in  tho  oilier  during'  tlie  course  of  certain 
soeiMeti,  having  an  attoration  and  digorganisatiou  oE  the 
Tesael  walls  as  tlieir  common  characteristic,  1.  e.  hmnwrrhagic 
infarction  and  {nflammntion.  Wo  wore  ablo  to  connect  the 
diapetleais  in  mechanical  liypemmia  with  tho  abnormal  rise  of 
pressure  in  the  interior  of  the  capillaries  and  veins,  while  tho 
inflammatory  dinpedesis^  as  we  shall  briefly  designate  the 
second  form,  was,  on  the  contrary,  quite  independent  of  the 
internal  prcosuro,  and  took  place  from  the  same  vessels  just 
fts  rcodtly  under  normul  as  under  increased  pressure,  and  more 
•eapeoially  under  diminished  pressure  also.  Having  already 
exhaa&tivoly  treated  the  processea  under  discussion,  I  need 
not  now  show  that  in  both  cases  the  blood-corpuacles  really 
leave  the  vessuls  by  passing  through  the  nnintorrnptod  vessel 
wallj  and  noi  through  minute  apertures  in  it.  Call  to  mind 
bow  on  the  removal  of  the  impediment  from  the  vein  the 
normal  blood-stream  was  instantaneously  eatablishod,  without 
the  passage  subsequently  of  even  a  single  blood-corpuscle 
IhroDgfa  the  i^upposcd  apertures.  Bemomber,  too,  that  in  in- 
flammation tho  hlood-strcfttn  proceeded  without  intermission 
in  tho  capillaries  from  which  at  tho  same  time  red  blood- 
«or{)n8cle3  were  extravasattng,  no  current  setting  ia  towards 
the  apparent  opening,  as  is  always,  and  must  necessoi-ily  be, 
the  case  where  an  actual  defect  exista.  Moreover,  we  possess 
an  extremely  accurate  criterion  for  doterminiog  whether  an 
anbruken  or  a  defective  cudotholium  ts  present.  For  whor- 
«Ter  the  endotbolium  receives  tho  least  injury  one  or  moro 
colourless  oorpo&cles  at  onco  become  adherent,  and  are  even* 
tiially  transformed  into  a  coating  of  &brin  ;  yet  we  see 
iKiliiug  of  this  kind  in  the  vessels  through  which  red  cor- 
pui^leB  had  previously  cxtrnvasaled,  either  after  the  removal 
of  an  obstruction  from  a  vein,  or  during  the  oonrse  of,  or  fol- 
lowing, an  inflammation.  But  wo  can  dispense  with  such 
proofs.  For  we  know  that  it  is  not  blood  which  passes  out 
if  *^-  ---  7^-i.  under  these  circumstances — at  least,  if  we 
y  blood  a  Quid  such  as  circulates  in  the  interior 
of  the  rascolar  system,  1.  e.  a  watery  solution  of  certain  albo- 
Tuinous  0  .'  '  ~i  uiid  salt*  of  a  de6nite  concentration,  in 
irbicl)  *t'  led  red  and  colourless  corpuscles  in  certain 
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numerical  proportions.     Huwever  large  the  qoanlitj  uf  rvA 
oorpasclos  ooauined  in  tbe  transadatioa  of  mocbaaicsl  h\ 
aBmisj  the  latter  is  always  poor  tn  albonoQ  «cd  fibrit) 
ibe  exudAtioa  in  inflammAtion,  eren  when  o{  the  hietnorr  i 
formj  is  &  fluid  boaring  no  Fesemblance  to  blood.      If,  tbtti, 
by  heemorrhago  we  understand  an  effnaion  of  gtnuitke  Ut>^i, 
i.e.  of  blood  containio|;  all  ita  cotutitoenta  in  their  proper 
proportioDS — which  is  audonbtedly  a  legitioute  dcSnitioc— 
it  cannot  possibly  uccur  except  through  interruption  of  ihe 
oontinnity  of  the  vessel  wall,  t.  e,  by  Mem.     Bat  on  reflMt* 
ing  that  when  blood  escapes  from  the  veoa^  it  at  odou  mna 
with  the  tltuds  contained  in  the  cavity  or  porenohytna,  >») 
aboTe  all,  on  contiidering-  what  the  conatitoents  of  tho  btcod 
are,  yoa  will  quickly  como  to  the  oonolosion  that  it  is  odIj 
and  solely  thu  bluud-corpnsolea  that  can  be  relied  on  to  dis- 
gnosing  a  hemorrhage.     Now  when  jaa  moot  with  s  Judos- 
toDM,  a  patch  of  haemorrhage,  or  even  a  iiaffasioni  yon  will 
of  coarse  hare  no  more  doabt  that  the  mptoro  ol  a  ti 
most  hare  taken  plaoe  than  yon  would  on  seeing  a  sadc 
rash  of  blood  from  the  moaUi  and  nose  of  on  indiridi 
and  a  mass  of  ooagnlated  blood  contained  in  the  stomaeh,  i 
in  a  carity  in  the  Inngf  will  certainly  indaco  yon  to  \ook  for 
an  opening  in  one  of  the  larger  Tcseeb.     Tet  the  matter  is 
far  from  being  always  so  simple.     An  fwohjrmoeis  doe  to  I 
mptore  of  a  capQlary  is  qoite  aa  small  as  the  aocoanlatic 
of  red  blood-corposcloB  which  in  inflammation ,  or  in  a  rabbit 
ear  after  being  deprived  for  a  considerable  time  of  its 
rial  blood^sapply,  are  visible  to  the  naked  eye  in  the  slMpi 
oE  ponctiform  or  linear  hwmorrbages.     lioreOTer.  sfaonlil  iW 
diapedesis  continue  for  a  longer  period,  at  oocun  in  haoMt- 
rhagic  infarction  on  occhision  of  a  terminal  arCoiy,  or  io  |nv- 
tmcted  veuoos  hypenemia,  the extiavasaied  bloodHwrpor-'-'' 
may  accamalato  to  such  an  extent  as  to  oqnal  those 
largoMuaed  oircnmscribed  hamiorrhago  in  nttaber.     \»r 
a  definite  condosiaa  always  be  drawn  from  the  form 
figure  of  an  oxtr»TaaattoD  any  moro  than  from  it« 
A  markedly  huruoirhagic  ascites  may  equally  well  be 
a  pUmtifnl  admiA^  :ni^ratod  blood-ourposcloswi 

transudation  or  i^   ..  .i,inr--   ,.f  «   tir.*!.!'!  ■   *tT,A  ilii 

hauDorrhagio  infarct  | 
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as  a  pAroQohjmatous  hasmorrliag^  of  the  AfiFected  part.  In 
mKnj  oaiMft  where  a  Qaked<eye  inspectioii  is  of  do  avails  a 
Ueciftion  may  be  arnved  at  microscopically,  if  tlie  part  Id 
qneatioa  oau  be  examined  very  shortly  after  the  bloediug  has 
taken  place.  Tor  it  may  be  confidently  ssnertod  that  in 
bwmorrhage  by  dinpedoais  there  will  be  fonnd,  in  addition 
to  the  panotiform  eccbymofics  or  more  exteuaive  aggregationsj 
capillaries  in  eomo  of  the  patches  i^urrounded  by  blood- 
corpasclos,  while  other  cells  may  perhaps  be  detected  in  the 
not  of  passing  throagh  the  walls — which  doea  not,  of  coarse, 
occar  in  hiemorrhago  by  rhoxis.  Yet  we  shall  not  often  be 
in  a  position,  especially  in  the  case  of  hnman  beings,  to  carry 
oat  immediately  after  the  bleeding  snch  an  accnrate  micro- 
•oopio  e%amintLtion  of  the  finest  bl  nod -vessels,  completely 
prMerring  at  the  same  time  the  mutual  retntions  of  the  parts, 
and  heooe  there  arises  the  necessity  of  attending  before  all 
thinga  to  the  known  fiioh'tjtf  of  vascular  ruptures.  The 
caoAes  of  the  dispedosis  of  the  blood- corpuscles  having  been 
previonsly  discussed,  let  us  now  see  what  is  known  of  the 
CMttes  of  rupture  of  the  vci^sels. 

Perfectly  healthy  vessels  may  be  raptured  by  cui/emal 
■^mcies  of  the  most  varied  kinds.  Of  these  1  may  instance 
wounds  of  all  sorts,  fractures  of  bone,  bruises  and  severe  con- 
tusions, to  which  e.  g.  the  cephalbiematoma  and  othmmaionia 
are  dae  ;  the  tearing  of  mucous  membranes  by  solid  bodies, 
■■  catheters  and  urinsry  calculi ;  the  bites  of  animals,  in- 
•Inding  those  inflicted  by  intestinal  worms,  e.  g.  by  Anf.hylo- 
•toaut  duodrnalr^  &c.  In  the  second  place,  it  is  not  nncom- 
nwn  for  Tessels  to  bo  eroded  from  without  by  ulcerative  pro- 
eeaaea,  as  occurs  in  ronnd  ulcers  of  the  stomachy  in  cancc- 
roDS,  tuberculous,  or  other  malignant  uicorations,  as  well  as 
irb«re  vessels  are  situated  in  the  midat  of  gangrenous  regions. 
Tot  it  hardly  ever  happens  in  these  cases  that  the  vessels 
oontinue  perfectly  intact  np  to  the  moment  of  mptare ;  the 
olccrativo  or  necrotic  process  is  wont  to  extend  itself  to  (he 
wand  wnlls,  and  it  is  the  already  diseased  portions  of  the 
latter  which  give  way  and  are  perforated.  Such  hsmor- 
ringoa  woulil  indeed  occur  much  more  frequently  than  they 
■'"  -Ttrre  it  not  thiit  rery  commonly  the  blood  in  the  vessels 
o  walla  become  involved  in  the  processes  of  mortification 
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and  nlceration,  forthwith  coagulates.     While,  then,  in- these 
cases  the  vessels  are  mostly  diseased  when  the  raptare  occnrSf 
this  applies  with  still  greater  force  to  the  vast  majority  of 
all  so-called  spontaneous  heemorrhageB,  or  hBemorrhages  not 
dependent  on  external  influences.     To  this  class  all  the  more 
mevere  Btmctnral  changes  of  the  heart  and  vessels  supply 
ftheir   contingent,  more    especially   those   which   lead   to  i 
thinning  of  the  walls ;  undoubted  examples  of  such  are  sof- 
tening of  the  myocardium,  atheromatous  degeneration  of  arte- 
ries, and  in  particular  aneurysms  and  varices.     The  ancurysmi 
most  predisposed  to  rupture  are  the  so-called  aneurysTwUa 
spuria  (in  which  only  some  of  the  coats'  go  to  form  the  will 
of  the  sac)j  as  well  as  those  which  have  arisen  from  injury  to 
the  vessel  wall,  whether  external  or  internal,  as  e.  g.  throng 
hard,  pointed  emboli.*     Yet,  as  yon  are  aware,  the  tendency 
of  pathological  anatomy  has  of  late  been  to  abandon  the 
sharp  distinction  formerly  drawn  between  aneurygma  verum 
and  spurium,  since  minute  examination  has  shown  that  a 
■defect  of  one  or  other  of  the  coats,  especially  of  the  t.  media, 
is  something  very  common  in  the  wall  of  the  true  aneu- 
rysms also.     The  view  that  the  vessel  wall  suffers  a  loss  of 
cohesion  as  the  result  of  fatty  degeneration   is  extremely 
common  among  physicians.     With  regard  to  the  heart,  it  cm 
hardly  be  denied  that  a  high  degree  of  fatty  degeneration  of 
the  myocardium  lowers  its  powers  of  resistance ;  but  that 
this  also  applies  to  the  vessels  is  not  so  certainly  established. 
True,  the  coexistence  of  hsBmorrhages  and  fatty  degeneifr 
tion  of  the  vessels  has  often  been  determined,  and  is  esped- 
ally  frequent  in  acute  phoFphorus  poisoning,f  yet  it  is  far  fro* 
settled  that  these  heemorrhages  have  actually  taken  place  bf 
rbexis.     Fat-droplets,  in  larger  or  smaller  groups  and  ^ggn- 
gfations,  are  met  with  so  very  frequently  in  the  intima  ud 
adventitia,  and  even  in  the  media  of  arteries,  withoot  tht 
slightest  bleeding,  that  I  at  least  have  again  and  agmin  beV 
compelled  to  doubt  whether  the  vessel  walls  really  iccDt 
more  disposed  to  niptnre  in  conseqnenoe  oE  fotty  degonM*  ' 
tion.     The  possibility  of  saoh  a  laralt  I  am  willing  to  adaS^  ^ 
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phtbisical  nlcerativo  process.      I  need  hardljr  saj  that  v)i«i 
such  prodisposing  causoe  arc  praseut,  rupture  is  cssoutmllj 
£a70urod  by  a  rUe  ol  blood- pressure,  cither  general,  iu  whal 
ever  portion^  arterial  or  Tenoufi^of  the  circnlotiou  is  involfi 
or  merely  local.      Houce  it  is  that  among  cases  of  cerel 
hiemorrliage  such  a  considerabie  percentage  of  byimrtrapUi 
of  the  left  rentriclg  is  met  with,  and  that  each  copi 
hsemorrfaoidibl  bleeding  tnkes  plnce  in  niitml  stenosis.      Be 
that  a  hypertrophy,  even  when  very  consitlerable,  or  a  con* 
gestioD  can  ever  of  itself  be  sufBoicnt  to  canse  raptoro  ol  a 
vessel  previously  intact,  I  hold,  as  already  staled  (p.  143) 
be  extremely  improbable.     Yolkmann*  has  shown  that  tt 
carotid  of  a  dog  does  not  rapture  when  sabjectcd  to  aa 
crease  of  internal  prewvkre  fnurtf en  timef  greater  than 
natural ;  and  not  till  he  had  raised  the  touMoii  in  the  r.  ji 
laris  to  one  hundTed  timrg  the  normal  did  this  vessel 
Facts  SQch  as  tlieeo  make  it  more  than  qaeKtionnble  wl 
in  the  case  also  of  the  smaller  arteries  and  veins  the  bic 
pressure  ever  reacbes  snch  an  elevation  as  to  bonC  ll 
walls.     Indeed,  a  rupture  evca  uf  capiHaries  from  this  cai 
will  appear  to  yon  doubtful,  on  calling  to  mind  what  an  1 
moQs  rise  of  pressure  is  occaaioDtid  ia  them  by  eutir«ly 
ting  off  the  escape  of  blood  by  the  veins,  and  thai  this  it 
never  attended  by  laceration  of  capillaries,   but  only  by 
copious  diapedesis  of  red  blood-corpusclcK.      In  rapport 
the  view  that  very  intense  congestions  may  result  in  li 
tion  of  the  capillaries,  it  is  usual  Co  refer  to  those  hmmorrlti 
which  set  in  daring  dry-cupping — not  constantly,  it  is  Im, 
bnt  still  in  many  iustancca  ;  and  which  also  attack  some  per- 
sons  on  eiposuro  to  a  vorj'  rarefied  atmoRphere.      Ncvwtbc- 
lesa  the  resnlt  is  attributablo  rather  to  the  rapid  desaioalk^ 
which  the  Eaper6cially  placed  mncoas  membr&no  of 
conjonctivce,  and  nose  undergo  in  the  atteiiuated  atmoi 
and  to  the  resulting  rhagades,  than  to  the  supposed 
blood -pressure.     Farther,  on  a  former  ocausi»ii  (p.  i 
dwelt  on  the  entire  want  of  similarity  between  t^- ■■■■*■■" 
disturbanoe  following  the  applicaiiou  of  dry  1 
rial  cougestioD.     How  Itttle  calculated  the  Latu 
lead  to  rupturo  of  the  capillaries  is  most  clearly  .-•<»>•  m 
*  VoUtBumu, '  Uacmodyaafflik,'  p.  atfo. 
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a  onTsrisod  animal  is  asphyxiated  or  poisoned  by  strych- 
Not  only  do&s  an  enorinoosrise  of  the  arterinl  blood- 
take  placo  here,  but,  aa  was  proved  by  Heidenhain,* 
leotttaneous  arteries  dilate,  so  that  their  capilloriea  are  sub- 
I'L  to  an  internal  pressure  more  cxcessire  than  could  over 
occasioned  by  oongeation  ;  and  yet  not  one  of  them  rup- 
tures. Accordingly,  the  healthy  capillaries,  at  least  o£  the 
ID,  aro  capable  of  offering  adequate  resistance  to  the  ino«t 
tremo  elorations  of  prcssaro,  even  when  these  originate 
(Kiddonly.  This,  it  is  true,  refers  only  to  onrarised  animals, 
ret  it  obTioualy  follows  therefrom  that  when,  in  dogs  and 
rabbita  which  have  not  been  paralyaodj  occhymoses  similar  to 
thoM)  occurring  in  aepbyxiatod  hnman  beings  are  obserred 
the  result  of  a8ph}'~xia  and  strychnine  poisoning,  their  caose 
last  be  sought  for  in  somo  factor  other  than  the  rise  oE 
blood-preBBure.  As  a  mattor  of  fact,  the  truly  classical  ecohy- 
aosea  of  asphyxia,  those  mot  with  in  the  pleursB,  Inngs,  peri- 
cnrdium,  or  elsewhere  in  the  thorax  of  persona  who  have  died 
asphyxiated,  aro  nothing  but  the  effects  of  the  stronger  draw- 
ing Of  tucking  aciion  of  tkn  thorax  ichile  the  enlroTU^e  uf  mV 
\tfi  ths  lung  u  ohHruftfid  ;  the  thorax,  enormously  distended 
tho  farced  inspirations,  and  cut  off  from  all  oommnnioation 
(b  the  atmosphere,  acts  like  a  large  and  most  poworfol 
j-gltua.  Bnt  should  petechia)  bo  found  in  other  parts 
the  bodies  of  persons  dying  from  asphyxia  or  tetanas,  they 
^y  more  rationally  be  referred  to  the  mechanical  factor,  tho 
BlampBiaj  than  to  the  riso  of  blood-pressure ;  and  with  this 
!W  the  common  occnrrenoeof  capillary  raptures  in  hooping- 
igb  and  in  general  convulsions,  e.  ij.  of  the  epileptic,  is 
lite  agreeable.  In  these  cases  we  hare  to  do  with  small 
muscular  bsemorrhages,  or  possibly  in  addition  with  eochy- 
nios«8  of  delicate  and  lax  tissues,  such  aa  the  brain,  conjunc- 
tiTa,  Bub-pleural  or  sub- pericardial  tissne ;  while  t^hould  they 
idcr  snch  circumstances  make  their  appearance  elsewhere— 
^n  the  skiUft  ior  example — yon  may  be  perfectly  oertatn  that 
^ou  are  then  dealing  with  persons  whose  vesaels  are  diseased 
id  for  some  cause  or  other  more  easily  lacerablu. 
With  the  assifltanoe  of  the  facts  now  mentioned,  you  wiU 

*  Ostromnoff,  *  VSng.  A.,'  zii,  p.  itg. 

t  Cf.  Tnnbe, '  GMamnwlto  Bcitreg«,'  iU,  p.  461. 
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be  able  in  very  many  oaees  to  Batisfy  yourselvoa  wliotlif  r  an ' 
eitraTasation  mot  with  anywhere  is  dau  to  »  true  lurmor- 
rhagia  per  rhejein,  or  whether  a  illapedeais  is  at  tbo  bottom 
oE  it.  liat  there  remains  an  entire  series  of  fa«morrhagBS, 
Kkieh  cannot  be  re/erred  either  to  one  of  the  known  coiwm  of 
vascular  rupture  or  to  diapeHena.  Are  we  not,  Btriuige  aa  it 
may  appear,  stilt  ignorant  of  the  manner  in  which  the  phyiU 
ological  hit'inorrhage  of  metuiimaiion  is  broDgbt  about?  Su 
far  as  the  effusion  into  the  folliclee  it)  etinc-emed,  ifc  oannol 
reaaonably  be  donbtod  tbat  it  depends  on  an  octaal  laoontian 
of  tbc  vessels,  for  in  fresh  cases  tlict-o  is  not  the  least  diffi- 
culty in  demonstrating  the  rent  in  the  capsnlo.  In  the  atoriw 
mncons  membrane,  on  the  other  hand^  mptnre  of  thevesael* 
has  not  ap  to  the  present  been  observed ;  and  oven  if  it  taka* 
placSj  its  demonsiratioQ  must  hv  a  matter  of  cunaiderabia 
difficulty,  inaamucb  as  the  ruptures  can  hardly  be  other  than 
capillary.  From  another  point  o£  view,  the  meQatntnl  hemor- 
rbage,  being  of  a  lasting  character,  and  yet  furaishing  bnt  a 
relatively  »oiall  amount  of  blood,  could  very  well  be  inter- 
preted as  a  diapedesis.  Here  then  the  modus  of  the  bleedioFT 
ia  still  involved  in  obscurity ;  and  the  eamo  is  true  of  the 
haemorrhages  setting  in  in  the  courso  of  many  acute  dioesau. 
iSuch  are  observed,  in  tbo  first  place,  in  a  number  of  csuna  «! 
marked  poisoning  with  substances  whosu  chemical  cbamtiets 
have  in  other  respects  hardly  anything  in  oommon.  la 
Schmiedeberg'a*  laboratory  this  cuuncction  has  bcea  ma^o  ^M 
oat,  for  example^  in  acute  poisoning  with  platinmn  and  anli-  ^f 
mony,  and  still  mora  marlcedly  in  acntc  and  chronto  mercunal 
poisoning.  In  those  cases  it  is  iu  the  iutestinol  canal  dial 
the  hn^'morrhages  are  principally  Kcatcd,  although  other 
regions  arc  not  exempt.  True,  whether  the  cause  of  tbo 
haemorrhages,  assnmed  to  bo  in  ojioration  by  the  writeis 
referred  to,  namely  the  considenible  fall  in  blaod^presaarD* 
be  really  the  correct  one  is  probably  more  than  doabtfah 
The  fall  in  blood -pressure  is  very  far  from  adei — •■-'"  ex- 
plaining the  widely  distributed  and  often  copious  b.<  .'•>»' 
which  make  their  appearance  in  acute  phosphon:  'g, 
by  predilection  in  the  adipose  tissue,  and  then  m   n-.v  ^mH- 

*  £cblcr. '  Antu  (.  ocpar.  PolbuU'  is«  }>■  1371  SfllortltKlitk,  ibiiL  lii. 
p.  438 ;  r.  U«iug,  (bid.,  xtii,  p.  66. 
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and  endocardium  ;  in  the  liver  and  kidneys^  in  the  pelviH  nf 
the  kidney  and  bladder;  in  the  brain  and  its  membranos  ;  in 
the  lungs,  stomach,  and  intestinal  canal ;  in  short  ia  all  pos- 
sible organs.  Resembling  phoBphorns  poisoning  in  this  and 
in  many  other  respects  are  two  highly  interesting  dinoaBCH, 
which,  however,  differ  very  widely  from  it  in  point  of  etiology  : 
they  are  acute  atrophy  of  the  liver  and  the  severe  form  of 
mechanical  icterus,  the  so-called  icterus  gravis.  Putrid  in- 
toxication may  also  be  incladed  under  this  category.  For  on 
injecting  putrid  fluids  into  the  circulation  in  dogs,  thoro  is 
Tery  quickly  developed  a  tendency  to  small  or  larger  efEusions 
of  blood  in  the  stomach,  intestinal  canal,  mesentery,  plourm, 
kidneys,  and  varioas  other  regions.*  And  in  men  too,  in 
analogous  circumstances,  i.  e.  when  putrid  material  has  gained 
entrance  into  the  juices  of  the  body,  all  sorts  of  ecchymoHcs, 
small  and  large,  are  of  very  common  occurrcnco.  But  dcHpite 
the  frequency  of  such  haemorrhages,  we  are,  as  wan  slated, 
still  ignorant  whether  they  take  place  from  rnpturofl  or  from 
uninjured  vessels. 

Further,  there  are  a  number  of  typical  in/ertivf.  diMUfuru 
which  are  distinguished  by  what  has  Iwen  appropriatc>ly  called 
a  hmmorrhagic  dialhegit.  The  hsmorrhages  oft<.>n  proc<;cd 
exclasively  from  the  capillaries,  as  in  peiefhial  typknn  and 
endocardiixn  ulcerosa.  Yet  they  may  acquire  vfiTj  consider' 
able  dimensions  in  some  of  the!ie  diaea.Hes,  as  yt-Mom ff.rf.T  and 
hxmorrhagic  /imalljfffX.  It  often  bappenn  that  evrry  irdwitiv 
disease  accompanied  by  abundant  hiemorrha^*;'!,  whicfi  can- 
Dot  be  referred  to  any  other  sharply  charact'jriwd  typi,  »" 
regarded  as  an  example  of  the  Utr/;r  of  thf-.n^t  affc^^HoTi^, 
although  it  is  certain  that  very  ('iifff:r<:rit  mAlnfli^it  mt*y  h*^' 
be  in  question.  Occasionally  w*  firid  amark*:'!  hw^morrhaj/i'. 
diathesis  asaoci^ed  with  othf:r  .w/«;f/!  iritf^Xtrn  Hp-w-aw'-'i,  '-.  y 
typhoid  ferer  SiXid  ftoiig«:r.itaI  ttfpkU'fi.^  Hiuf-*^  in  »».ll  th^w 
cases  we  have  to  d.->  w.sh  4\=f^%**',^  dr)*»  t/,  iuIm-.Iu.u,  w«  ft*f. 

•  GMpwd,  3la?«i«ii*  •  ■  ■J'''^-*^   "*■    p'<7*'-.V    >.i'.U    '■  '**"'■■  "Ai'"- 
Chaiite-Amttlca,'  i.U  Ew^lia,   I't"^    ^.    (',#  ,   V,^'-Vf»,  ''>-j     A'-Wl^.'  p 
659;  'Haniib.d.  *p.  ?•-*«.'..  J    m  .   Kn  >f..     V.'-l.    A.   >",p   4«r.  1* 
p.  301 ;  BeTzniaca. '  •'w  pt'-'i^  'r  i'  i   -i    yi^i.<',*,  lft*t,t,''^*.'if^,'  >,  M*f*  1 . 
Dorpat,  1868";  •  D.  Z^;s*-ftr  *.  *>,  ^  :  ..;  x,  t 

t  G.  BehMil.  ■  I>  ^-ft«!»vr  f  ^r^*    X-^  .   i\i,  «'«  '*  W»^>.« 
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not  donbt  that  porasitio  orgnnisms  arc  present  in  tho  iniorior 
of  tho  body,  f.  e.  in  tho  blood -vesac Is,  oven  where  thoy  haf* 
not  &g  yet  been  so  positively  demonstrated  m  in  ulc^ntire 
endocarditis  and  typhoid  ;  yet  this  does  not  throw  mncb  hglrt 
on  the  origin  of  the  hieniorrhflges.  It  is  jiossihle,  indeed, 
that  the  bacteria  circulating  in  the  blood  exert  a  diroct  itee- 
niciouB  inflnenoe  on  the  vessel  walls ;  and  such  an  assawp- 
tion  obviously  suggeata  itself  wheroj  as  in  ulcerative  endo- 
carditis and  many  septic  processes,  a  capillary  has  boeD 
repeatedly  discovered  plugged  by  a  colony  of  micrococci  and 
occupying  the  centre  of  an  ecchymosis  of  the  skin,  kidney, 
or  pin  mater.*  But  even  granting  that  it  is  tho  action  nf  the 
colony  of  bacteria  on  the  affected  portion  of  the  capillar)*  wall 
that  produoue  the  hiemorrhage,  the  finer  mechanism  un  whidi 
the  bleeding  depends  ia  sUll  unknown  to  us.  If,  as  will 
appear  very  probable  from  other  (acts  to  be  discnwwd  Inter 
on,  the  direct  action  of  the  baoteria  on  tho  capillary  wall  it 
to  produce  neorosis,  it  wonid  bej  aa  yon  will  readily  aoder* 
stand,  equally  open  to  suppose  either  that  the  wall  beeones 
more  pprineable  to  the  red  corpascles  daring  the  gradual 
development  of  the  necrosis^  or  (bat  one  or  more  minnte 
portions  of  it  give  way  owing  to  the  dimioishod  ootuwioii. 
In  addition,  I  wish  to  lay  special  emphasis  on  the  fact  thai 
the  attempt  to  discover  a  colony  of  micrococci  in  the  mtdsl 
of  a  pnnctiform  hnmorrhng^  is  by  no  means  invariably  safr 
cessfnl,  even  in  ulcerntivo  cndt>carditin ;  while,  in  all  Um 
remaining  diseases,  the  demonstration  of  sncb  «  meohanioal 
foctor  is  St  present  quite  ont  of  the  qnestion.  Hence,  a  b«ooo4  { 
possibility  must  certainly  be  kept  in  view,  noinvly,  ihat  Iht 
hlood  is  m  damaged  and  deteriorated  iii  romptisHion  by  the 
organisms  circQlortrag  within  tho  vessels  m  to  produce  indi^i 
rectty  a  profonnd  lesion  of  the  vessel  wails.  For  althongh' 
the  influenoo  which  is  exerted  on  tho  circnlalion  by  changM  ^ 
in  the  constitution  of  the  blood  still  remains  to  hv>  dutcuaMMl 
in  succeeding  lectures,  i   havo  already  bo  fr^  drawn 

attention  to   the   reciprocity  of  action  bet*'i     _ .'d   and 

Tessels  that  the  idea  will  appear  qoit«  plausible  to  yon ;  and 
you  wilt  liave  no  difficulty  in  admitting  that  tho  '  of. 

•  On  »n  inTfrtipiticm  ty  PnitMok. '  WUn.  .'    '    '"'  ->.,'  Kl.  .v.,  .*iii*«.  9,\ 
Juni,  t86;,  c(.  Culmltoim.  *  KtutwI.  I'tommm,'  '  ;  >,  |>.  3A, 
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the  Tcssol  walls  mast  soSur  sererely  oa  tho  rcsnit  of  any 
graTO  deterioration  in  the  composition  of  the  blood.  Nor  is 
there  any  diltictiliy  in  addacing  definite  facts  frotn  pathology 
to  show  that  the  vosaels  react  by  hHnmorrhogo  when  the  blood 
becomes  iuipaircd  in  quality.  I  havo  now  in  mind — learing 
the  poisons  jnst  mentiouod  out  of  consideration — all  severe 
and  lonting  anaemias  whatoTcr  their  origin  ;  in  those,  sraatt  or 
irgcr  occhymosofi  are  amonj^  the  most  constant  symptoms. 
suk^cmia  also  very  often  brings  hfetnorrhages  in  its  train. 
it  it  is  pre-eminently  scurrtf  tliat  is  wont  to  be  cited  in  proof 
bat  an  impairment  of  the  composition  of  the  blood  can  call 
Jrtli  copious  hfcmorrhages.  The  nataro  of  tho  defect  in 
>rbutic  blood,  the  deviation  from  tho  normal,  on  which  the 
jnduucy  to  btcmorrbage  depends,  iSj  it  is  true,  at  proticnt  quite 
inkuowD  to  us.  All  attempts  at  solving  the  problem  oxpori- 
moutully  have  no  far  utterly  failed  ;  and  how  little  tho  anatynis 
of  observed  cnscs  has  contributed  to  its  elucidation  is  host 
shown  by  tho  fact  that  tho  rcepoustbility  is  thrown  on  the  pre- 
sence of  an  excess  of  salts  in  tho  for^l  by  some  authors  of 
good  repute,  and  on  precisely  the  deficiency  in  saline  matters 
ij  others  no  less  roputable.  It  is  certain,  at  any  rate,  that 
:nrvy  is  most  prone  to  atlack  ill-nourished  iadividaals  and 
BQch  as  aro  unfavorably  situated  as  regards  thoir  dwellings, 
Vet  in  tliis  respect  no  essential  difference  is  presented 
many  other  diseases  of  epidemic  oconrrence,  c.  g.  typhus ; 
id  in  any  case  this  circumstance  alone  does  not  exclude  the 
Mibility  that  other  and  much  more  specific  factors  may  co- 
rat©  in  ilio  production  of  scurvy.  Indeed  many  unpre- 
idicefl  physicians  have  been  impressed  with  the  notion  that 
Icurvy  is  a  miasmatic-contagious  infective  disease  ;*  and 
JCIfbs,  in  a  recent  though  very  brief  communication, t  reports 
finding  in  the  blood  of  scorbutic  persona  of  large  numbers 
most  minute  organisms,  which  belong  rather  to  tho  infu- 
than  to  the  bacteria,  and  aro  called  by  him  Cerrtmonaa 
ilus  and  C.  naviruUi.  Should  it  turn  out  that  Kucb  urgan- 
ims  are  constantly  present  in  the  blood  of  scorbutic  persona, 
10  question  would  of  course  arise — is  not  the  deterioration 
inita  composition  chiefly  brought  about  by  them  ?     Possibly 

•  Cf.  Kahn,  *  a  A.  f.  Mia.  Med..'  %xt.  p.  115. 
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tliey  may  produce  this  effect  hy  destroying  the  Btractural 
elements  of  tbe  blood,  and  especittlly  the  red- corpuscles  ;  (or 
if  wo  oak  ourselves  whether  there  exists  nay  factor  commou 
to  all  the  cases  of  hEemorrhagio  diatheeis  just  discosaed,  1 
ahoald  be  at  a  lo«s  to  mention  any,  except  it  be  the  dsfieuntfy 
of  j'uHclioii^Uy  rapahle  red  hltuxi-i-orpu^vO'ji.  This  feature  at 
least  is  equally  cbaraoteristic  of  poisoniog  by  metals,  tkb 
forms  of  aniemia,  and,  as  you  will  learn  later,  of  iutenis  gmris. 
The  experience  that  local  ischemia  is  sooner  or  later  invari- 
ably attended  by  bfemorrhages  may  fairly  bo  utilised  in  sup- 
port of  the  existence  of  such  a  connection  ;  and  the  hmmoc- 
rhagcs  of  acute  phosphorus  poisoning  will  also  appear  mom 
comprehensible  from  this  point  of  view,  on  learning  that  hetv 
in  all  probability  the  rod  corpuscles  suffer  an  extreme  ud 
rapid  decrease  in  numbers,  aud  that,  in  any  case,  their  powor 
of  absorbing  oxygen  is  very  seriously  impaired  by  the  phos- 
phorus. At  all  events  the  hypothesis  of  a  ci'i  ,  it 
may  bo,  a  direct  dtpendttuce,  between  this  teud'  ,  ■  ■■z- 
rhage  and  the  poverty  of  the  blood  in  CnnctionaJly  capable 
red  corpuscles,  is  calculaled  to  help  ns  to  ondenrtoud  how  it 
hapjMJuit  that  Lhu  hieniorrhugiu  diathesis  ehould  be  mot  with 
BO  frequently^  and  under  conditiona  apparently  so  diverse. 

But  even  if  this  assumptiou  were  muefa  leas  hypothetical 
than  is  iu  reality  the  cn&o,  it  could  not  assist  us  io  arriving 
at  a  conclusion  as  to  whether  tho  hcemorrEages  resulting 
from  tho  deterioration  in  tho  blood  take  pliice  pvr  rhr^m  ur 
■ptr  diapede^n  ;  in  other  words,  whet  her  the  profouod  change 
in  tho  constitution  of  tho  blood,  however  originatiu^,  renders 
the  vessel  walls  more  pwmeabU  or  more  hr''  '  '.'., 

In  frogs  which  have  passed  a  long  time  in  con  .-,  ,_■_  it 

vary  common  for  punctiform  and  linear  bssmorrhago*  t» 
appear  spontaneously  (i.  c.  without  any  recog^'  ■  -■  tcmal 

cause),  in  the  skiu,  mucous  membraneij  mo.-i  -,  . ;  and 
accordingly  we  are  jnsti&od  in  calling  these  hwmorrluigea 
M'orhulic.  It  has  been  my  repeated  good  fortune  Co  ubcvrv* 
such  hsemorrhagcs  in  flagranti  under  the  microscope,  and 
without  deairing  to  decide  as  to  the  co-operatiou  of  any  kind  of 
bacteria,  I  have  been  able  to  satiiify  nij  '^eU  beyond  aUdorill 
thil  the  htemorrhages  took  place  through  the  uubniVirir  vr-aairl 
wait     This  does  not  of  courao  prove  that  tbe  1 
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ring  in  men  who  are  tbe  subjects  of  ficarvy  or  a  similar  dJa- 

eose  takes  place  per  diopedegin,  especially  as  the  rapidity  with 

which  the  often  very  conaiderablo  ha-'morrhnges  occur  in  these 

diseases  lends  greater  probability  to  the  view  that  accnal 

^Kuptnro  of  the  vessels  is  tho  caase.     To  conulode,  it  is  not, 

^Mijced,  impossible  that  in  scnrry  both  tho  permeability  and 

^Bragility  of  tbe  vessel  walla  arc  abnormally  increased. 

"  As  to  whether  some  alteration   in  the  constitntion  of  the 

blood  occors  in  laorhuJi  Jitac u/o*««  Werlhojii  also,  we  are  still 

ignorant.     luasmaoh  as  the  genesis  of  this  disease  mny  (.>cca- 

sion&lly  be  traced  back  to  very  early  childhood^  it  appears 

^^ather  to   have  a  certain   relation   to   the  mocfa   tliscuasod 

^Htiemorrbagic  diathesis  or  hxmopHilia.     Here  there  is  a  con- 

^Rcnital  onomiily  of  constitution,  hereditary  in  some  familii^s, 

V^nd  characterised  by  the  occurrence  of  biomorrhago  on  tho 

very  slightest  external  violence,  or  even  spcntoneonsly ; 

besides  which  the  hiEmorrhagc  when  it  sets  in  is  usually  very 

violent  and  profuse.    Tho  latter  circumstance  points,  it  is  true, 

to  tlie  existence  in  haemophilia  of  an  abnormally  feeble  power 

of  coagulation,  depending  on  some  canse  or  other  at  present 

altogether  unknown.      Yet  that  this  disease  mainly  depends 

on  an  abnormal  lacerability  of  the  vessel  walls  is,  in  tho  first 

place,  probnble  a  priori;  and  in  tbe  second,  it  has  been  posi- 

liToly  determined  by  tmstworthy  observers"'  that  at  least  tho 

II  ^    larger  vessels  are  aotnally  more  easily  torn.     Thinness  of 

l^^he  walls  and  feeble  powers  of  resistance  characterise,  wo  are 

^HustiGed  in  believing,  the  entire  vascular  system  in  this  dia- 

^ffaosi*  ;  while  the  limitation  of  the  ruptures  to  circumscribed 

spots  is  ea&ily  explainable  on  the  supposition  that  only  those 

^^esHcla  burst  which  either  meet  with  an  injury,  it  may  be  a 

j^Prifling  one,  or  are  exposed  to  a  somewhat  considerable  rise 

'  '   of  pressure  through  congestion  or  tho  like.     On  tho  other 

hand,  the  observations  repestedly  made  as  to  the  habitual 

oociUTonce  in  certain  individuals  of  htemorrbage  from  the 

)ose  indicate  that  the  abnormal  lacerability  may  occasionally 

be  conilned  to  isolated  vascular  areas  ;  and  the  inherited  dis- 

>sitiou    to   cerebral   hEemorrhage,t   often   noticed   through 

BUgilen,  *  Mt'd.  ehimr^.  Tnosacl..'  viii,  p.  1I4  -.  ScIitienuuD  (Schon. 

tin),*  I><*  dlsptvitione  od.  tiiDmorrb. p«nik.  bcrvdit./I.-D.Wdnbor^,  iSji ; 

Tio-boir, '  I),  KUnik.'  iS^,  No.  2j. 

t  DieoUfor,  -Oai.  hebiloRi.,'  1876,  Nq.  38. 
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sercml  generations,  u-Iso  TavourK  this  idea.  The  MMDtuI 
element  in  all  thcso  cases  is  tho  congenital  nature  of  tbe>  in- 
capacity for  reHLKlaoce,  so  much  so  that,  as  is  well  known, 
hiDiooplnh'a  may  sometimes  be  met  with  in  new-born  chiU 
dren.  A  certain  amount  of  caution  must  be  observed  here, 
and  yon  will  not  hastily  diagnose  hivmophilia  when  in  tbo 
BOW  bom  you  find  moUiplo  hoiaiorrhagcB  of  non-tnion»tic 
origin.  For,  without  taking  tho  cases  of  syphilis  luamor- 
rhagica  neonatorum  into  account,  ha^morrho^  iu  the  new- 
born has  repeatedly  boon  obsorrcd  by  Klobs*  in  Prkguo  and 
by  Weigcrt  in  our  iustitnte.  Itaotcnal  infection  and  enbot- 
ism  were  shown  by  them  to  bo  tho  causes  of  tho  oxtraTast- 
tion,  and  accordingly  the  assumption  of  a  prcMlispoaiiton  to 
hicmorrimge  wos,  to  say  tho  least,  superfluous. 

Whito  tbo  physiological  vascular  system  in  Bome  indtrid- 
uals  is^  accordingly,  from  the  first  predisposed  to  mptnro,  and 
ia  others  acquiros  this  tendency  under  tho  nction  of  eortoin 
agencies,  a  defective  resisting  power  is,  an  I  have  more  than 
once  pointed  ont^  the  rule  in  newly  formed  resnels  which  have 
dcTelopnd  a^i  tho  rosult  of  pathological  processes,  llitaelement 
plays  au  important  role,  not  only  iu  the  veMo/*  of  j'roduciice 
injlammatum,  bnt  aUo,  in  a  still  higher  degree,  in  tfaOM 
tumours,  especially  when  growing  rapidly.  For,  here,  where  i 
rapid  fommtion  of  vessels  nooessarily  takes  place,  one  of  Uw 
most  common  and  dangerous  symptoms  is  hromorrha^,  either 
in  the  interior  of  the  tumour  or,  if  the  latter  borders  ea 
a  free  surfaoo,  in  on  outward  direction.  For  Tery  slight 
violence  or  a  moderate  degree  of  congestion  or  fayponenU 
is  sufliciout  to  rupture  the  oxtreicuty  thin-walled  and  briiUe 
vcBsels  of  a  cancer  oC  the  btomoch  or  of  a  atorine  poljpas. 

Yon  perceive  that  iu  this  domain  also  there  is  plpnty 
scope  for  investigntiou.  We  cannot  arrive  at  perfect  dear-1 
ness  as  long,  more  eK{tecialIy,  ns  we  are  unable  to  anifwer  (h*  i 
first  qnestiou,  whether  in  any  given  ease  wo  are  dcolinfj^  witbj 
a  hoemorrhage  per  rhcxin  or  pur  ti-iapeH«nn  ;  for  t'  "Vm 

cannot  be  properly  put  till  this  point  has  bocn  u  ird-. 

HoDce  it  is  to  be  regretted,  yon  will  admit,  that  an  cxamina 
lion  of  tho  fnlly  formed  extmvnitation  so  soM  *.  to  the 

desired  end.      When  you  Hnd  in  some  one  '         '  /  sbut=ft  a 
•  K1«U,  ■  AtncI).  Can««ii>bL.bL  t.  lUhmea/  1874.  Korai. 
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iglc,  or  sc7oral  Tainiito  extravftutions,  irbich  are  tio  loDg-vr 
quite  roceot,  bj  what  means  will  you  decido  wlietlier  oqu  or 
more  vessels  have  ruptured,  or  whether  a  diapedesis  has  taken 
jiliice  ¥  Perhaps  by  the  relative  proportions  of  tho  rod  and 
_whito  corpuscles  in  the  extravasation  ?  But,  juat  aa  iu  dia- 
sdcsis  from  the  capiliaries,  so  t^o  from  a  lacoratiou  or  aper- 
ire  ia  the  vessel  wall,  a  very  much  larger  uuuil)er  oC  red 
>rpDScles  escape,  on-iug  to  their  greater  weight  aud  more 
rapid  removal ;  and  when  yon  consider  further  how  the 
colourless  corpuscles  can  change  their  situation,  and  even 
disappear  by  disintegration,  that  critorioti  will  appear  to  you 
worthless.  Or  will  you  decide  from  tho  occurrence  or  non- 
occorroDco  of  coagulation  ?  Dot  this  itaelf  is  intimately  con- 
^nectcd  with  the  history  of  tho  colourless  blood-corpnscles  in 
^H^e  extravasation,  and  wo  elto  Ihorcforo  by  no  means  war< 
^KfcDted  in  a<tsuraing  that  tho  extravasation  hrongbt  nboot  by 
^niapodc^s  cannot  also  coagulate  :  the  hiomorrhagic  exuda- 
tions are  very  commonly  at  tho  same  time  fibrinons.  Yet  tho 
processes  of  haemorrhage  perrhexinand  per  diapGdesin  are,de- 
Bpile  the  harmony  of  their  results,  absolutely  different ;  and  it 
is  not,  as  Has  been  said,'*''  mere  hair-splitting,  to  distinguish 
ebaqily  between  them.  Anyone  who  has  ouce  observed  under 
the  microscope  a  bleeding  following  ruptaro  of  a  capillary,  or 
injury  of  a  larger  vessel,  will  certainly  be  no  longer  disposed 
to  regard  it  as  tho  equivalent  of  diapedesis.  Let  no  odo 
here  speak  o£  possible  differeooes  between  cold-  and  warm- 
blooded animals,  between  fruga  and  mammals  I  If  yon  pro- 
duce complete  i&ohasmia  of  the  intestines  and  mesentery  of  a, 
dog  by  oompro88ixig|thda.  meaeuterica superior,  and  then  after 
a  ooaple  of  hoars  or  so  remove  the  olamp,  you  can  see  the 
intestine  and  meeeDtery,  previously  drawn  out  of  the  abdo- 
men, becoming  covered  after  a  few  minutes  with  pnnctiform 
and  linear  ecchymoses,  which  continne  to  eolarge  for  a  time. 
No  Dnprcjndiced  person  witnessing  this  will  at  first  have  any 
mbt  that  a  multitude  of  minute  vessels  have  here  been  rop- 
ired  by  the  pressure  of  the  retnming  blood.  On  cantionsly 
bringing  tho  mesentery  under  the  microscope,  however,  you 
once  perceive  that  ovorywhero  in  the  midst  of  tho  oxtra- 
btiona  the  rapiUanj  tirfam  ccniinues  witlumt  intvrrujjtioi' , 
•  B5ttcb«r,  •  V'uth.  A..'  Izii,  p.  £79. 
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and  this  in  the  identical  cnpiUariea  from  which,  as  iiutpeetion 
clearly  teaches^  fresh  hlood-corposclos  are  still  passing  utit.HU 
On  the  other  haud  ni&ke  a  wouud,  however  toiuute,  uf  uii^^H 
of  the  fine  vessels — that  is  to  sa/  if,  as  the  resalt  of  jroar 
mnutpulattoti,  some  one  or  more  of  the  capiltarief   he  Dot 
»ady  lorn — and  a  spectacle  uf  quite  another  Wind  is  pf»-, 
tted  to  you-  Tievr.     For  from  all  directions,  both  from  tha 
proximal  and  peripheral  sides  of  the  opening,  the  blood-cor>' 
poscles  dow  as  throogb  a  funae)  towards  the  ikpertun' ;  atA'^ 
this  continnes  till  some  of  the  colourless  colls  come  lo  Ho 
front  of  it,  upon  which  the  blood- stream  again  ilowa  regularly' 
by.     The  qaaotity  which  has  meanwhile  etfonped  need  not 
be  more  than  would  extrarasata  from  tossoIs  t>C  efjnal  aiw 
with  nninterrnpted  stream.     For  they  are  two  utti-rly  diiTer- 
ent  qmilities  of  the  vessel  walls  that  suffer  in  the  two  auon.  ^i 
By  the  trauma  internal  coheaian  is  ovorcome;  by  the  outooedait^H 
iseheemia  and  the  exposure  the  jtfyrosity  or  fur  "•  ;  i*  ^^ 

essentially  altered.     A  more  or  less  large  amoun;       _     jiioa, 
is,  of  course,  a  property  of  all  veascla,  wbilsj  so  far  u 
Icoow,  only  the  smaller,  in  ]iartioalar  the  caj  '"  "  fine' 

veins,  are  permeable.     Conscqneutly,  the  c  -  ..    j      -_,    b< 
destroyed,  or,  in  other  words,  a  ttttution  of  rontittuUy  oecai 
ever^-where ;  an  alteration  of  the  permeability,  f.  r.  ■ 
deai*,  only  in  vessels  of  small  cnlibre  ;  unless  indood  L-.  ■ 
agencies  capable  of  diminishing  the  consistency  of  tlie 
in  vessels  larger  than  those  which  are  uommlly  pormeabfe.] 
The  latt«r  view  is^  naturally,  quito  conceivable;  and  if  tbi 
stateinonts  of  8troganofT*  are  universally  npplirablo,  ii 
indeed,  highly  probable  that  in  scurvy  and  purpura  rttl  cur* 
puscles  pcuetmto  from  the  interior  even  of  the  aorta  ant 
other    large    arteries    through  the   endolbelium  and    rrach 
tho  tissues  of  the  intimn,  while  from   thu  v.isa  vuscnim  a 
diapodosia  takea  placointo  the  outer  layers  of  iho  vt^SN^I  wail. 
Bo  this  08  it  may,  the  small  vessels  aro  of  ohiof  conaideratk 
io  tho  hiemorrhage  by  diapedosis  into  tho  tisan 
or  exterior  of  the  body  ;  and,  on  the  other  hau.-,  ..    - 
that  aro  most  readily  rnpdired  by  viulenoe.     But  it 
hardly  be  said  that  an  ngenry  wliich  vf'- 

of  tho  vessel  wall  does  not  necefuiarily  t;:..^ ,-...i^.„.,J| 

*  Stn<saiH>ff, '  Viich.  A.«'  Itiii,  p.  340. 
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and  vieo  verm.  Temporarjr  arterial  ischmmia,  and  also  cx- 
posore,  render,  as  wo  have  geon,  the  capillaries  considerably 
more  permeable ;  that  tliejr  become  moi*o  locorable  io  con- 
ueqaence  we  have  no  proof.  On  the  other  hand,  we  know  at 
ihe  atheromatous  process  that  it  increases  the  brittleuesa  of 

0  vessels,  anA  many  helieve  the  aamo  of  fatty  degeuemtion  ; 

d  yet  there  is  absolutely  notlting  to  indicate  that  their 
'<i1ity  isau^inciitodthrotigh  these  changes  of  structure. 
.  nevtn  tuyoit  uo  less  tuLulIigible  from  our  standpoint 
than  ie  the  possibility  of  the  oxtsteuce  of  agencies  which  are 
atteuded  by  both  <ittecl»,  i.  c.  which  favour  the  lendtmey  to 
rupture*  ami  h>  rliajwitc^U  in  the  sumo  vessels. 

But  whether  the  bleeding  has  occurred  by  rhoxia  or  by 
diajH-'dutfin  itK  significitnci-  Tor  the  ciruulatiuu  is  chioBy  deter- 
mined by  the  qunutity  of  bKH>d  uflused.  BloodJiiga  from  the 
heart  and  from  the  large  vessels,  which,  as  repeatedly  dwelt 
on,  always  ongitmfe  in  a  solution  of  coutiunity,  are  usually 
so  cwneiderabiti  thai  death  is  their  immediate  result.  lu 
rupture  of  the  heart,  the  bleeding  takes  place,  as  a  rule, 
slowly,  owing  to  tho  gradual  yielding  of  its  thick  wall.  At 
6rst  it  is  mther  a  trii-liUng  of  blood  in  drops  through  the 
channel  formed  by  the  rupture ;  which  latter  only  gradaallj 
heooraes  enlarged.  Instead  of  death  being  cau^d  by  hesmor- 
rhage,  the  Blltng  of  the  pericordiain  with  blood  leoda  to 
stoppage  of  the  heart's  action  before  the  amount  lost  oonld 
in  itself  prove  fatal.  Itts,  of  course,  implied  that  the  hicmor- 
rhage  is  not  due  to  a  wound  which  has  opened  both  heart 
and  pericArdiam.  The  bursting,  or  opening  in  any  way,  of 
hkrge  arteries  and  veins  is  followed  nnder  all  circumstances 
by  such  profuse  and  copious  bleeding  that,  nuless  artificial 
meaas  be  employed  to  check  it,  the  Jndividnab  perish  in  a 
vi-ry  short  time  from  direct  loss  of  blood.  'What  quaotity 
of  blood  may  be  lost  by  a  person  without  fatal  conseqaences 
nalnraJly  depends  ou  his  strength,  and  constitution,  and  ia 
linMo  to  considerable  individuul  variations.  A  strong  man 
may  recover  after  the  loss  of  a  large  amount  o£  blood  ;  womeu 
can  tolerate  even  stiH  greater  losses  j  wlule  young  children 
are  highly  sensitive  in  this  respect.  If  other  h<emorrhages 
faavo  pTtweded,  a  fresh  one  will,  of  course,  bo  moro  difficult 
to  bear.     Tho  experieace,  which  has  been  gained  by  pro- 
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dncin^  fafflmorriiago  ia  dogs,  is  in  gonera]  applio«blo  to  hoi 
beings.  When  a.  qnantit-y  of  blood  eqaal  to  3*5 — 4  per  oent.1 
the  body-weight  iit  lost  tho  atiim&l  is  aaually  minQil  iritM 
oonralaionBj  and  porishos  irretrior&blj.  But  even  afur  » 
loss  of  3  per  cent,  tho  body-weight  many  dogs  fail  ba  reoorcr. , 
Bat  if  an  animal  or  a  human  being  does  not  die 
result  of  serore  blooding,  ho  becomes  anaDmio — a  oonditum' 
which  will  next  occupy  our  attention.  Small  hfl?roorTha]i 
amoanting  to  a  fow  grams,  or  even  a  coople  of  oancc*,  wh< 
occurring  in  a  healthy  adalt  are  without  any  iufloonce  on 
the  general  condition. 

Tho  actual  roanlt  of  every  solution  of  continuity  of  a 
vessel,  while  tho  circulation  is  carried  on  without  int«rntption, 
mnst  finally  bo  total  depletion  or  a  fatal  hsmorrhagc, 
it  -not  that  the  majority  0/  hasmorrhaget  cetue  tpontant 
This  is  owing  to  the  coagulatufn  of  tliv  blood.  When 
blood  has  left  the  resso]  it  quickly  coaguhtee,  aa  yon  a» 
aware  ;  and  if  the  forming  clot  is  not  at  once  »wept  away  by 
the  stream  as  it  flows  out,  a  plug  is  rapidly  prodacod  on  th« 
ontside  of  the  vessel  wonad.  Vet  this  coagnlam  would 
suffice  to  prevent  all  further  escape  from  tho  aportnrei 
in  roalityj  it  is  not  tho  olot  outside  tho  vessel  thai  effects 
dosore  of  a  tear  or  wound,  but  solely  tho  seeronif  ory  throml 
occurring  in  its  interior.  Tho  endothelium  ia  absent  at  tbp 
seat  of  injury,  and,  as  you  have  learned  already,  the  blood 
mast  necessarily  coagulate  there.  The  best  proof  of  the . 
rectness  of  this  explanation  is  afforded  by  the  fact  o\ 
by  Zahn,'*  that  tho  thrombus  occluding  a  Tasciilar  rupCat* 
is  of  the  tckite  variety.  White  corpuacloa  first  become  adhe- 
rent to  tho  borders  of  tho  aperture  j  on  thoso  now  ones  are 
sapcrimposod,  and  this  continaes  till  finally  tho  entire 
filled  np.  The  nnintermptod  flaw  of  blood  from  '^-  ^■ 
dees  not,  it  id  tt-oo,  favour  its  closure,  and  so  1: 
happen  that  the  white  thrombos  will  be  ropoatedly  we 
ftwny  while  forming.  Here  everything  depends  cf[\  • 
of  the  stream  and  tho  pressure  under  which  it  f\ 
the  vessel  in  question.  Thus,  in  injuries  to  ca|' 
small  veJni*,  the  thrombns  will  always  >;  ■  — '^ - 
established  uftcr  a  vbort  time.     UuL  in  »> 

•  Zsha, '  Tinb.  A^'  kU.  p.  6l. 
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:urrlDg  in  arteries  and  Urge  veins,  this  resnlt  is  much  more 
ifiioulL  of  ftcttieremeat.  la  the  arterieSj  the  spontaneous 
traction  of  the  loali  titer  a  wound  ia  of  material  nasistanoOj 
I  ranch  so,  that  for  an  artory  to  be  complotely  torn  across  or 
illy  divided  is  more  favorable  to  the  stoppage  of  tho  bleod- 
m  than  art]  toDgitudiDal  wounds  or  partial  trausvorso  division. 
Hat  stili  greater  importanco  attaches,  both  inartorial  baimor- 
rbogo  and  in  bloeding  from  the  lar^r  veins,  to  tho  Unrering 
vf  urtcrial  presgure  and  fceblonoss  of  tho  heart  which  necoa- 
sarily  ensue  on  a  considorable  loss  of  blood.  For  as  tho  pres- 
sure diminishes,  the  flow  from  tho  wound  bocomes  Icsb  and 
less  brisk,  so  that  a  t^ufiicioutly  firm  tbrombas  can  bn  grada- 
ly  established.  80  important  is  this  factor  that  it  would 
improper  to  oombat  the  general  anaimia  by  transfusion 
iinmcdiately  after  tho  B])ontauooua  cessation  of  such  a  bleed- 
Ig,  uulesH,  indeed,  caro  had  in  tho  meantime  been  takon  to 
ire  the  firm  closoreof  tho  rosso)  wound.  But  the  forma- 
_^on  of  a  thrombus  after  copious  hamiorrhage  in  aUo  favonred, 
)ugh  in  a  subordinato  dogreo,  by  tho  change  which  is 
tdergone  by  tho  blood  itaelf  in  consoqnence  of  tho  bleeding. 
)r  unco,  as  comi>ared  with  the  leucocytes  (which  mosi^ 
lain  in  the  vessels  of  minute  calibre),  a  largo  number  of 
disca  escape  from  the  wound,  the  blood  after  a  aevere 
hKmorrhage  becomes  relatively  rich  in  coUmrtess  corptucUt; 
and,  moreover,  it  is  probable  that  the  lymph,  together  with 
ctills,  enters  in  large  quantities  the  poorly  filled  vascular 
rBtom,  and  thus  adds  to  the  number  of  the  white  blood- 
>rpusclti8.  The  immediato  result  of  this  is  an  inrreiued 
1ulnliUl}f  of  tho  blood,  a  point  which  may  be  very  stri- 
igly  dumonstratod  in  a  dog  bled  to  deatli  by  the  removal 
blood  from  a  vein  in  sncoessive  portions ;  the  last  portions 
:  ooaguiate  almost  inHantaneouthj.  Corresponding  to  tho 
iTlonr  of  the  blood  when  drawn  from  a  vein,  is  its  ten- 
inoy,  while  within  the  vessels,  to  form  thrombi,  by  which 
ke  oloenre  of  the  apcrttire  and  stanching  of  the  luemorrhage 
iaTOurod.  For  the  rest,  it  need  hardly  be  said  that  more- 
;ut,  warmth,  a  depending  position,  pressure  on  the  offerout 
'  ' '  uijnred  vascular  area,  must  increase  the  bleeding, 
.  :  >'st,  an  ricvated  position  are  of  use  in  checking 
I;  and  thai  where  tbo  hnimorrhago  takes  place  £rom  con- 
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tractile  tissues,  sacb  a&  the  titoi-ui<,  the  mancQlar  L'on 
aid  in  ita  contro].     But  above  all  it  is  the  tiurgooD's  art 
avails  horo  ;  and  id  tho  loctnres  ou  sargorjr  you  will  recei' 
'prccisro  iBstructioDB  on  tho  various  moans,  diroct  and  indirGcti 
by  which  hcomorrhagc  may  bo  checked. 

Bat  whatever  means  bo  omplojed  for  this  purposet  ihn 
agency  by  which  tho  bleeding  is  actually  stanrhed  is  end 
all  oircomstancGs  Uio  lhromho»is.  This  not  only  brings  : 
the  spontaneous  stoppage  o(  a  hemorrhage,  but,  oveo 
.«rti6cial  occlusion  by  a  ligature,  it  is  by  it  that  tho  df^\ 
■dosore  of  tho  wounded  vessel  is  effected.  A  ligature, 
ever  its  materia],  must  aftor  a  time  out  tbrongh  tho 
slacken,  or  be  rcaorbcd ;  whereupon  the  bleeding  would  at 
<once  recommence,  were  it  not  that  a  thrombas  has  meanwhile 
formed  at  ibe  seat  of  ligature.  The  details  of  this  pro* 
•ceca,  and  the  subsequent  fate  of  tho  thrombus — in  particular 
the  trauBtormation  into  vascular  conneclivo  tissue  commouty 
uudergone  by  it — have  all  beeu  discussed  on  a  foriuer  ucea- 
siou.  As  the  result  of  such  a  process,  the  lumeo  of  tho 
vessel  becomes  deBnitively  iuterrupted,  aod  the  ouly  paths  by 
which  tho  blood  can  pass  from  the  portion  of  tho  vessel  lyio 
4)chiad  the  wound  into  the  portion  beyond  it  are  tho 
Jatoral  channels.  Many  of  the  thromboses  by  means  of  w 
tho  spontaneous  stoppage  of  a  heemorrhage  baa  been  offi 
-terminate  iu  precisely  the  same  manner.  This  is  the 
when  the  thrombus  increases  so  as  to  fill  the  eiittru  Inmea, 
and  docs  not  subsequently  bocomo  canalised.  In 
examples  of  wounds  of  vessels,  however,  tho  procem 
short  before  a  completely  obstmctivo  throrabns  is  fo 
it  then  loads  to  the  production  of  a  slight  protttbcrano» 
tho  wall,  which,  while  it  closes  tho  rupture,  allows  more 
loss  of  the  lumen  to  remain  pervious.  Moreover,  th 
parietal  thrombi  generally  nndorgo  organtaation ;  and  (hofm 
is  left  a  more  trifiiag  increase  io  thiclcuoxi  of  thn' 
tho  wall  where  tho  aperture  existod,  which  ia  -" 
no  evil  oonsoqoences  to  the  circulation  ihrou^' 
This,  the  moat  favorablo  of  all  terminations,  ia  onsasi 
observed  iu  vessels  of  every  calibre;  cv-  —■'  — 
capillary  need  not  necessarily  end  io  its  'i 
repair  of  wounds  of  tho  heart  by  this  method  boa 
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eono  ander  observation.  The  preceding  remarks  refer  ex- 
clasively^  oE  oonrse,  to  the  tno  hnmorrhages  bj  rliexia. 
For  the  stoppage  of  bleeding  by  diapodeets  no  special  pro- 
cencs  are  required.  It  censes  on  the  disappearance  of  its 
ouuc,  01*  when  the  permeability  of  the  capillary  wall  is  re- 
dacod  to  the  normal  standard.  Since,  however,  capillaries 
from  which  even  a  copious  diapedosis  is  taking  place,  differ 
in  no  way,  as  regards  optical  characters,  from  their  fellows, 
one  cttQQot  expect  to  determine  the  phenomena  of  recovery 
by  &ny  microscopicul  test,  hi  particular — and  I  desire  once 
more  to  umphatiize  this  point — the  adhesion  of  the  colourle&s 
blood-colls  to  that  part  of  the  wall  through  which  tho  blood- 
corpnsclcs  have  passed,  marking  as  it  does  in  every  case  the- 
commoncing  repair  of  a  solution  of  continuity,  is  here  abeont.. 
But  what,  you  will  ask  further,  bocomca  of  the  effused 
blood  7  As  far  as  the  aubsequonl  history  of  tho  extravasa' 
tion  is  concerned,  it  is,  of  conrse,  qaito  immaterial  whether - 
tho  hiomorrhage  has  occnrrctl  jier  rhexin  or  per  diapedetin ; 
for  in  Loth  cases  we  are  dealing  with  (]uantities  of  blood  or 
of  the  constitaents  of  blood,  which  lie  outside  tho  Teasels,  and 
which  Datiirally  will  now  experience  the  »amo  fate.  I  need 
hardly  say  that  blood  escaping  from  the  vessels  of  a  super- 
ficial wound  simply  flows  away  in  an  outward  direction  ;  but 
precisely  tho  oamo  occurs  in  hemorrhages  into  cavities  which 
freely  commnnicatc  with  the  exterior,  and  from  which  the 
blood  easily  escapes,  as  the  CAvnm  ntcri,  the  cavity  of  the 
pharynx,  the  pelvis  of  tbe  kidney,  &c.  On  tho  other  hand, 
should  the  effused  blood  meet  with  impediments  to  its  outward 
progress,  as  would  occur,  for  example,  in  bronchicctasos  or  in  a 
oterna  with  stenosis  of  theo»,  the  extravosation  behaves  like 
one  occapying  a  pre-existent  clofted  cavity.  Tho  subsequent 
hiiilorT  of  these  internal  hamorrhagos  docs  not,  however, 
difier  in  any  respect  from  that  of  the  bleeding  taking  place, 
not  into  pru-formed  cavities,  but  into  tho  substance  of  tho 
iismes.  For  even  the  presence  of  maues  or  shreds  of  tissue 
lucb  us  are  invariably  found  in  hesmatomata  and  circnmscribcd 
hRcmorrhagtis,  does  not  essentially  affect  the  fate  of  an  ex- 
tnvasatioD,  since  such  material  is  incapable  of  progressive 
ofamnge  and  is  doomed  to  perish  and  disappear  ;  the  same 
may  be  said  ot  tho  necrotic  tissuo  of  a  hieciorrhagic  infarct. 
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Tbe  admixtore  o£  particles  oE  ilifiiiit«gTated  or  necrotic 
ifl  loss  worthy  of  oonsiileraLion  than  ie  the  aiza  of  tbo  extra-! 
Taaatiou  j   for  niquII  ljl(>ti<lin{^  are,  nAlor&lIy,  mmv  eutily  dmK | 
irith  bj  tlie  organism  than  are  large  onea. 

But,  with  regard  to  tho  iniinediate  fato  of    tha  uffaMd 
blood;  il  is  qaiie  unimportant  wbetber  it  be  considet&hl«  oti 
iaoonsiderable    in  nmoant;   tho  first  change    is    invanftbij-j 
coagnlatioUj  and  the  Ussues  destined  to  disintegrate  are  ia-l 
oinded  in  the  coagnLntn*      Whether  the  wliolo  of  the  effni«d' 
blood  or  only  a  portion  of  ib  coagutateSj  leaving  a  smaller  or 
larger  quantity  of  fliii<l,  appears  to  depend  eascntially  on  iuj 
looaliflaiion.      A  ctirebrsl  hiemorrbage,  when  recent^,  is  foond,j 
BA  ft  role,  in  the  form  of  a  TolominonB}  oohemnt  maw  ofl 
blood  without  any  floid  portion  worth  mentioning  ;  whtltf  lal 
hemorrhages  into  serous  cavities  or  joints'*  a  not  iooon-! 
siderable  quantity  is  wont  to  remain  fluid.     Tliis  flm'd  put 
of  the  extravasation  disappears  with  comparative  rapidity, 
being  taken  up  and  carried  ol¥  by  tho  lymphatics ;  tb*l  ia, 
it  is  removed  by  nimple  absorption.      From  the  peritoneftl, 
and  no  donbt  from  tho  thoracic,  cavi^*  also  there  pu8M  inj 
so  short  a  time  so  considerable  a  quantity  of  blood  with  un- 
altered corpuscles  tbrough    the  ductus  tburacicus  into  Uwj 
blood'vossels,  that  on  the  strength  of  this  fact  a  method  ol 
peritOTt€al  transftudcni  has  recently  been  devised.      Y: 
in  effusions  into  the  extremities  it  has  been  shotwn  il 
inatituttit  that  a  portion  of  tbe  oxtravasatiod  blood  with  ila  | 
corpuscles  regularly   passes  throu^  tho  lymphatic  glaad^ 
and  in  this  way  returns  to  tho  circulation ;  though  another 
portion,  it  is  trne,  is  retained  in  these  glands,  and  IhLTvi 
undergoes  that  metamorphosis  into  pigment,  soon  to  be  du' 
scribed.      It  ajtpcars,  however,   to  bu  very   rare  for 
quantities  of  blood-corpusclea  tn  remain  a  length  of  time  it 
the  lymphatic  glands  so  as  to  produce  considerable  (nrolUai 
of  tho  latter,  and  lend  to  their  int/'Hor  a  blood-  ut  dark-i 
aspect,  t      The  coagulated  extravasation  abo  ia  dii 

•  rmnniau  '  0.  A.  f.  kU».  Med,'  svUi.  p.  543 1  BIsdat. '  U-  Ul 

Vbirary..'  ui,  p.  447. 

t  W,  Miillcr, '  L'ntonaiJiuDgfii  itVr  il.  Vi^lialun  i.  I.7iap1i 
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volame  by  the  gradual  absorption  of  its  watciy  con- 
"stitnents;  and  in  conBcqiieoce,  the  entire  mass  becomes 
^nscr^  more  compcwt.  To  this  the  coagulation  is  do  itn- 
^diment.  For  it  does  not  persist ;  the  ftbrtnons  portion  of  tbo 
'effusiOD  is  9t>on  liquefied  and  likewise  undergoes  absorption. 
Mort^OTQT,  the  cuIourleBS  corpnsctes  at.  HrHt  contained  in  tho 
rxtrarasation  are  not  abiding  ;  many  no  doabt  perish  daring 
coagolotion,  and  the  roDinindcr  appear  regnlarly  to  forsako 
the  dot,  by  being  extnided  perhaps,  or  it  may  be  by  spon- 
tancoas  locomotion.  Tho  entire  interest  centres,  thorefore, 
in  tho  fato  of  the  red  corpuscles,  and  thorr  fate  may  be  very 
diffcront.  For  while  many  of  them  are  still  carried  off  by 
(ha  lymphatic  stream,  many  others  are  bocoming  dsto- 
•ued  in  snch  a  way  that  the  colouring  matter  is  diffused 
the  neighbourhood,  leaving  tho  colonrlesa  stroma  behind. 
I  stroma  itself,  it  seems,  very  quickly  disappears,  either  by 
iple  liquefaction  or  by  disintegration.  The  occnrrenco  oE 
decolourisation,  which  progresses  from  tho  margiu  to  the 
centre  of  each  disk,  has  boon  established  beyond  doubt  by  J. 
Arnold*  for  the  corpasclos  of  the  frog  ;  and  it  cannot  there- 
foro  reasonably  bo  queHtioned  that  it  also  occurs  in  the  blond- 
eorpDsoles  of  mammals  and  man,  althoogh  here  it  is  certainly 
more  diflicnit  to  rletermine.t  But  tho  peculiar,  distinctly 
transparent  colour,  like  that  of  a  saturated  ammoniacal  solu- 
tion of  carmine,  which,  for  example,  an  apoplectio  patch  in 
the  brain  coturacnoes  to  assDmo  from  the  fourth  or  fifth  day^ 
itself  HofKcient  evidence  of  an  extensive  separation  of  tho 
i^Iouring  matter  from  the  blood-corpuscles,  or  of  a  solution 
of  tho  latter.  Moreover,  we  know  how  tbo  colonring  matter 
set  free  is  disposed  of.  It  also  in  great  part  suffers  simple 
reaorptionj  giving  rise  to  an  excretion  of  urobilin,  a  sabstonoo 
which  recently  has  been  repeatedly  dotL>cted  in  the  urine 
alter  large  internal  btemorrhages.t  In  part,  however,  it  ia 
transformed  into  crystalline  hromatoidin  ;  a  few  days  ap- 
parently inf!icing  to  bring  aboat  this  change  in  man,  and  a 
MU  shorter  time  in  the  dog.     These  are  oblique  rhombic 

J.  AiaoU, '  Viroh.  A,,'  IniJ,  p.  331  ;  Long*. '  Viroh.  A.,'  Ur,  p.  17, 
II.  CfirdQK.  *  Vehev  tlni   [tc«oq>tions-Heehani*mu  T.    Blat«f;j6wB|' 

■fUn,  iSj7. 

\Z  Ct.  Kunkol,  *  Vtnh.  A.,'  liztx,  p.  455. 
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crystals,  at  most  o't  mm.  long,  and  of  a  jcUowUb-r«d  or 
brick -red  coloar ;  but  we  also  meet  with  oraoge-yoUow  n«edJ«» 
Rnd  fmall  angular,  or  jagged,  rast-colnureil  particles.  Cod- 
Bts^g  of  ktomatoidiQ,  but  less  perfectly  crystallised. 

White,  thuQ,  hnmatoidin  i»  rorrned,  acc.inling  to  tlie  uanuj* 
mous  belief  of  all  writers,  frt>m  the  free  colouring  matter  of 
the  blood>  without  any  aid  front  the  rettular  element*,  ths 
latter  take  an  active  pari  m  determining  the  history  of  extm- 
vasatioDS  ia  another  way.  Tho  rv>d  blood^colls  are  taken  up 
by  the  lymph -corpaocleSf  which  very  quickly  collect  to  lite 
immediaUi  ut-ighlwurhuod  uf  an  oitravasBtinn  aod  penetrmttr 
into  ita  interior,  the  result  being  the  forinatiou  of  the  mack 
dittcasKcd  blood-corpuscle-holdiug  celU.  The  inclnded  blood- 
cor]>U8cleB  are  almost  never  diacoidal,  the  vast  majority  hanng 
previouKty  become  glubnlar.  Nor  doeK  (he  material  taken 
up  ntwtiyH  consist  of  entire  corpiiHcles ;  it  may  be  oompo&ed 
of  Bmall  roundish  partioles^  produced  by  the  early  disioto- 
gration  of  many  of  the  corjiuscles,  Kuch  as  may  Im3  secured 
in  identical  fashion  when  the  red  discs  are  treat«d  by  arti- 
ficial means,  expoHure  to  extremes  of  temperature^  &«.,  and 
split  Dp  into  h!emog1obin-drop8.  On  the  other  hand^  some 
lymph-cells,  it  is  true,  contain  only  one  blood -corpaaclfi  or 
fragments  of  one,  but  many  of  them  contain  se*"""'  'tcu 
aa  much  as  ten  or  more.     This  nntumlty  involv.  ^,\ 

.iucreaao  in  the  volume  of  the  blood-corpuKrle- holding  ceU^ 
which  may,  indeeil,  be  ranked  with  perfect  giant-cclU.  A* 
yon  obsen'e,  we  here  again  notice  what  wo  firtt  IxMramu 
acqnninted  with  in  connection  n-ith  productive  inflammalioil* 
namely,  that  colonrless  corpuscles  grow  by  '■  "  ■      nv 

material  that  happens  to  be  at  hand,  for  of  •  >t 

impossible  that  an  enlurgement  of  individual  l^mpb-corpiifr- 
cles  at  the  eipenso  of  others  may  also  lake  place  hi  --  ■'  --19 
would    become    mnkiuncleiit^d    giunt-celU,  and   -  -.a 

perhaps  commence  to  Euod  ou  the  red  corpuxole*.  Araor^ 
ingly,  it  is  nut  Hurprii)ing  that  blood-cotpusclu-holdinggiouW 
cells  should  not  be  met  with  till  the  tutor  vlnges  of  an  KK- 
travHsaiion — about  the  end  of  the  first  week  after  the  bleeding 
hoB  taken  place.  The  essentiul  interest  of  tbo»  blw>d-cnr- 
putwlo-CDutainiug  colts  unduulitedly  ronaisl^^  in  the  fact,  thai 
by  Uieir  agency  tho  metamorphosia  into  «  pii/menl  conduniBg 
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Jron  IK  ttffeclod.  For,  &s  demonstrnted  by  Laotians,*  ib  is 
:is«l}'  the  blood-corpuscles  contained  m  lympli-colls  ibat 
irivel  up  and  ncquire  ft  darker  hae,  and  am  thns  trans- 
led  into  reddish  1>rowu,  roandlsb,  or  more  angular  bodu>!t 
Tarying  size,  which  occnpy  the  inTerior  of  the  colU  in 
imbers  more  cr  lees  j^reat.  The  sub)te(|iioDt  fate  of  these 
lent-cODta-iniiig  bodies  mast  be  sought  in  one  of  two* 
|lirccttoii8 :  the  cells  may  perish  by  fatty  meiamorpliosis  when 
ffretnules  and  jIaUea  of  pigtpent  are  eel  free  ;  or  the  latter 
By  divide  and  redivido  tuto  finer  aud  finer  particles^  till 
|timately  they  are  completely  disgohed  in  the  cell  contcut8, 
iparting  to  it  »  dilute  ytUotv  colouration,  which  is  subse- 
kently  lost.  Aocordiug'tu  this  view,  of  which  Langbaus  ia 
most  logicnl  representative,  the  Lraiis formation  of  the 
blotili-corpusclos  iutu  pigment  is  always  intrarelluUir, 
occurring  in  the  interior  of  cells,  and  precedes  the  diffusa- 
inibibitiuD  of  the  lymph-oorpascleK  with  coionriiig  matter, 
ccordmg  to  the  older  doctrine  laid  duwn  by  Virchowt  in  a 
lobnited  communication,  the  pigment  originates  partly  by 
tbe  direct  imns formation  of  free  red  blood -corpuHcIes — is 
traeetlitlar  in  its  origin — and  partly  by  the  gelation  of  some 
the  red  corpuscles  and  the  absorption  of  the  dissolTed 
colonring  matter  by  the  lymph-cells,  which  thou  give  rise  to 
lie  pigmented  cells.  With  regard  to  thu  first  modus,  or  tba 
Be  extracellular  formation  of  pigment,  Langhans  has  ad- 
kilted  its  possibility,  and  merely  urges  the  waut  of  eridence 
ir  it«  occurrence.  On  the  other  hand,  he  hss  dwell,  I  think 
jctly,  on  the  improbability,  «ccording  to  the  present  state 
our  knowledge  of  cell-life,  that  living  cells  should  nndcrgo 
abibition  by  a  fluid,  a  solution  of  colouring  nmtter.  On  the 
ktier  point  Cordua,^  the  most  recent  investigator  of  this 
leation,  agrees  with  Laoghnna;  while,  on  the  other  hand, 
'  strongly  advocates  Virchow's  doctriue  of  a  direct  pigment- 
utanjorjibosis  from  red  blood-corpuscles. 
But,  however  this  may  be,  the  residue  remaining  after 
AQ  ttjitravasation  of  some  weeks'  standing,  if  there  be  any 

*  Lanj^liMif,  'Vtrvl).  A.,'  slit,  p.  6fi. 
)i  VintJiow,  ibid.,  i,  p.  379.  it.  p.  S'5 

II.   Cordus,  *  Ueb»r  den   R««OTption«-M«Ghuiuiiiiax  t.   BinUrgfl— n/ 
Ucilup,  1S77. 
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residao,  consists  sololy  oE  hsmAtoidin-orj-BtaU,  pifnnented 
cells,  and  fme  gnuiulps  aud  flukes  of  pignieDl.  Thia  it,  it 
is  true,  tho  mosl.  favorablo  possible  result,  and  cannot  be 
looked  for  vtith  an/  ccrtAintf  excepb  in  small  hiDmnrrfaa^fOB. 
Tlio  Inttor,  however,  5ro  nccnstomedi  excopt  for  t-hp  tmcei 
befori?  menlionod,  to  diaappcorcomplet<?ly ;  indMnl  the  parti* 
doB  of  pigment  and  tho  crystals  of  fafflm&toidin,  tbonj^h  of  a 
mnch  moro  rodaring  cKamoter,  may  in  Lbe  ooarau  of  moaUw 
or  ycura  gradnally  undergo  comploto  absorption,  fuid  Imti^ 
AbsolaCtily  nothing  to  indicate  the  former  prescauM  of  a ' 
rhago.  Hardly  bo  innocent  is  the  coarse  takon  by 
largo  efiFosioDSf  nt  least  in  cases  where  tho  cstraTasation 
confined  within  a  limited  apace.  For  whore  blood  is  eifosod 
oror  an  extensive  sorfacc  it  may  in  the  end  disappear  toMlIy, 
even  when  the  rjiiautity  has  been  very  considerable.  In  a 
oircumscribcd  htumorrhage  into  tbo  tissues,  ot  in  »  welUd** 
6ned  htcmatoma,  the  contrary  is  the  ca«e  ;  <^rpi.-T  'tioa 

is  almost  never  t'<jmplt;tely  cffMtod;  and  tho  t-  lust 

of  necessity  act  as  a  foreign  body,  t.  ^.  espcite  an  injttimmaiiw 
in  the  surmundiny  parU.  The  inBammalion  is,  of  conrav, 
also  attendiHl  by  danger  ;  for  example,  where  a  patient  Jus 
sarvived  the  immediate  effects  of  a  cerebral  ha^morrfaagVt 
inflammation  may  sulmeqaently  bring  aboat  the  fatal  temia^ 
tioD.  As  a  nilf,  however,  when  muderate  in  degree,  it  leads 
to  other  changes  of  a  highly  favorable  natore.  U  it  then 
of  the  adhtritv  variety  :  new  vesseUi  derelopi  grow  into  tbo 
ooagulamj  and  with  tho  assistance  of  immigrant  colouriMS 
blood-curpiiHclus,  initiate  and  complete  its  orgnnisatifm  is 
identically  the  same  way  as  we  fuuod  it  occur  in  tbo  orgaai- 
aing  thrombus,  'llietwo  oases  am  cxHctly  similar  ;  iorhen^ 
as  in  the  thrombasi  the  new  vascular  Doaneotive  tissue,  whidii 
is  at  Qrst  gelatinoos  but  ufterwanls  more  onnsiKtcnt,  is  anb-i 
stitnted  for  the  extraTaaatioa  ;  while  the  latter  takes  no  part 
in  tisane*  prod  action  f  hat  grndnally  contracts  and  reei*dM 
hofore  tho  advance  of  thi>  new  tiR<TQo  hxfm  the  peripbflry. 
When  orgnoisatiou  is  completed  in  this  way,  the  total 
tion  of  the  effosed  blood,  thongh  delayed,  is  erenluall/j 
bronghtabnat.  This  termination  is  often  obr 
rhage  into  mnsclea,  in  bleeding  as  tbo  XMn 
and  very  beantifolly  in  the  cephalhiemfttoma  < 
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le  product  oC  organisation  in  the  last  caee  being  bone,  anil 
not  connccfcive  tissue.  The  cicatriit  which  takes  the  plnce  of  a 
aMnorrfaaf^c  infarct  in  the  spleen  or  Icidney  is  also  inainljr 
le  product  of  its  orfrantsation.  It  more  commonly  happenR, 
^owcTor,  that  orpanisation  remains  incomplotOj  being  oon- 
to  the  peripheral  zone  of  the  extrarasation  ;  as,  for  ex- 
iploj  in  haimorrhage  in  the  brain,  the  thyroid,  and  moro 
lp«oiftUy  in  tamoars.  In  these  case«  the  persistent  central 
I,  after  having  in  part  undergone  the  metamorpbo&is  into 
pigment,  both  free  and  contained  in  cells,  as  well  an  into 
»oiatotdin,  nsaally  liquelies  after  a  time,  thus  giving  rise  to 
lied  apopfectic  rystt.  The  latter  are  cavities  boundeU 
by  »  connective-tissue  capsule,  and  filled  with  a  reddish- 
yellow  to  greyiBh-yc-Uow  emulsion-liko  lluid  which  gradually 
becomes  more  and  more  watery.  What  was  once  an  uxtru- 
vasalion  may  remain  for  years  in  this  condition  ;  tlie  rosiduo 
pigment  and  he(?matoidin  being  about  the  only  thing  to 
idioate  its  true  character.  Vet  even  then  a,  further  rc- 
)tion  of  fluid  is  not  impossible,  in  which  ooee  we  have 
u  solo  remnant  of  the  haBmorrhage  the  apopltclic  runtrix. 
10  latter,  ns  will  readily  bo  understood,  may  also  result 
KrcHitly  from  the  traue  format  ion  of  a  cironmscribod  liaimor- 
lage^  without  the  interposition  of  a  cyfttio  stage.  In  this 
ly  ft  really  considerable  accumulation  of  blood  may  finally 
convened  into  a  hard,  irregularly -shaped,  band  or  mcm- 
le,  the  rust  colour  of  which  alone  indicates  its  origin. 
In  very  rare  cosch  au  extrava.tation  may  dry  up  or  hivoma 
ed.  Oocnaionally  a  deposition  of  i%me'*alU  has  been  ob- 
srvcd,  leading  to  the  transformation  of  tlio  hmmorrhago  into 
Luhalky  coucrotion.  But  a  much  more  important  change  is 
he  establishment  in  the  extravasation  of  "puirid  decomposition , 
10  facilities  for  which  are  very  great  in  organs  freely  accos- 
ile  to  tho  atmosphoro.  Hence  it  is  that  pulmonary  hmmor- 
rhagic  infarcts  are  always  more  dangerous  than  those  of  tho 
itcen  or  kidney ;  and  for  the  same  reason  we  shrink  from 
spending  on  the  slow  process  of  absorption  for  the  removal 
.of  a  uterine  hicmntoma.  For  when  a  pnlmonaty  hsamorrhngic 
ifarct  undergoes  putrid  decomposition,  the  inflammation 
around  it  is  not  productive  but  puruhnl ;  it  becomes 
iify,  a«  it  is  called,  and  may  very  readily  be  conipli- 
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oated  bj  a  seirere  pleturitis.  Eren  u  profonnd  lilood-poisao' 
ing,  a  ttrjtticmmut,  nmy,  it  is  civitlt-iit.,  he  lh«  reuull  nf  Ihp 
putri<l  docomposititm  of  an  ejttravawition. 

Having  so  thoronghly  discussed  the  liiMory  of  extraraMft- 
tions,  we  need  aaj  bat  little  now  as  to  the  significance  of, 
hseinorrliage /or  the  organs  invofveH  in  it.     It  may  be  Bt«t«d| 
generally  ibat  it  is  not  so  much  thecfTuncd  blood  itaelf  that  pro- , 
(luces  a  pathological  effect  on  the  oi-gan  in  rjui'J'tinn,  but  mtber 
Ibe  disint^ratitm  of  the  linsufj*  taking  place  pari  poMt*  with 
the  bleeding.     On  the  latter  Factor  de|)cndB  the  importaaoe 
of  a  hffimorrliagn  for  the  orgaTiic  fnnrticm  ;  althnii  ■"  ' 

may  be  productive  of  very  conbtidt'i-able  ditiadvani.  ^  ,  • 
by  ita  pressure,  when  occupying  a  part  enclosed  in  aoBd,im-^ 
yielding,  or  only  slightly  distensible  wftlU,  or  by  plu^TIT^B 
narrow  channel,  e.g.  the  oreter.  As  far  as  the  extrnvaaft.. 
tion  extends  the  original  tissne  of  the  part  is  lost,  and  mmtl 
be  regenerated  or  newly  formed  after  tho  hn^nmrrhage  i«| 
removed.  Now,  if  the  affected  organs  admit  of  the  lom  ol 
part  of  thoir  anbtitanco  without  detriment,  or  readily  allow 
of  repair,  as  do,  for  example,  the  epithelium  of  the  skin  or 
mucons  membranes,  many  muscle?,  and  all  kindu  of  coomc-^h 
tivc  tissue,  even  a  large  effusion  of  blood  is  of  no  great  tmport--^H 
ance.  On  the  other  band,  an  ecchymosis  is  for  the  retina  »^" 
serious  eventj  and  in  the  medulla  ublungitta  an  rilravaMk-  ^^ 
tion  no  larger  than  a  pea  is  enough  to  seriously  iinptrnl  lift*  ^M 
itaeU.  But  haemorrhage  into  the  central  nrrvooa  system  if  ' 
chiefly  of  sach  grave  import  becaase,  owing  to  the  impoai* 
bility  of  a  rcgcncratioDi  the  consequent  loss  of  nerre-fibm 
and  celU  is  irreparable  and  de6nitive. 


CHAPTER  VU. 

PLBTUOKl  AND  AN^UIA- 

Vy/nologieal  regukUion  of  the  quantitif  and  eompoaiiion  of  the 
blood  so  iia  la  maintain  the  normal  standard. — Arfifirial 
jpletikora, — ExpcrimentH. — Explanation, — Effeeta  and  con- 
Mqveneai  of  artificial  plethora. — Hemovat  of  the  tntper- 
JluouM  blood  from  the  ortjanism. — TmpossUAlittj  of  a  per- 
manent plethora  vera. —  Polyttmia  uf  the  ncw-horn. 

Effect  of  a  moderate  ht»  of  blood  on  the  circulation.^ 
Jiegulation  of  hlmd'pretmire. — Regeneration  of  the  Ihod. 
— Injlnence  of  a  nevere  loM  of  blood  on  tlie  hltHtd-nlream. 
-~Trttn»ftiru/n  of  hlowl  of  the  same  and  of  a  dijerenl  irjiecxea 
to  that  of  the  recipient. — Tr<tn.-fuinvn  of  an  alkaline  folution 
cwtmun  salt. — CQuxlHuiion  of  the  blood  nfler  wvere 
nrhage. 

TVi  DOW  turn  to  tlie  last  groap  of  circulatory  dij^iirbancoK 
— those  wHicU  are  conditioned  by  an  alieralton  in  the  blood. 
jr,  that  the  circulaliun  may  proceed  iK'nnjilIy  it  in  neces- 
ry,  uut  merely  thai  the  cunditiuu  nud  fuuctiun  of  tlio  heart 
ftad  TesideU  ahoald  be  ngrmal,  but  that  the  blood  aUu  aboiihl 
o£  normal  ({nantity  and  cou»titiitiou.  And  juMt  oh  vhv 
:apied  ourselves  in  Ihoruugbly  examining  the  effects  exerted 
the  circulatton  by  changes  in  the  avtiou  of  the  heart  and 
tion  of  the  vessels',  bo  we  ehaU  now  have  to  diM-'ass  a 
in  of  no  less  interest,  namely,  the  consequences  to  the 
circolalion  of  morbid  altpration*  in  the  ^uanfiiy  and  composi- 
tiim  of  the  blood.  By  pntting  the  question  in  this  fonu  wo 
at  tho  «amo  time  map  oat  our  course  :  we  shall  first  carefully 
Bnalyae  the  qiumtilatixte,  and  afterwards  the  tjuaUialive,  deria- 
Mknui  of  tbo  blood  from  the  normal  standard. 
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Hot  though  the  problem  we  have  set  onrselTos  ia  appareiitl] 
a  simple  one,  a  Httle  thought  will  show  it  to  be  involvcjd  ii 
difficultios  that  demand  careful  attention.     Thefle  ceiitro  ti 
the    fact    that  the  blood   is    an   unHahlr  Jlvid  of   raryinj 
cotajxmtum.     It  is  not  nierely  that  it  participatefl  tn  aU 
changes  affecting  the  organism  as  a  whole,  losing  in  gt 
inarasmug  and  gaining  with  the  increane  of  the  body  g«i 
rttlly  ;  for  in  speaking  of  a  nomukl  blood  quantity  we  rcftr  d( 
to  an  absolute  etandard  bat  to  a  relative  one,  and  tfaervfor 
expect  to  find  the  blood  of  a  debilitated,  emaciated  individt 
i-educed  in  the  same  degree  as  his  heart  haitatropliied.     Btil 
the  blood  is  a  factor  which  is  norouJly  liable  to  ct 
variations,  even  when  the  heart  and  veaeel&  remain  perf 
intact.      Freab  sub»taQce6  and  lluids  are  cotutantty  ouppl 
to  the  blood ;  its  elemonte  are  constantly  undergciu);  n'gvae«| 
rutiou ;  and  its  constituents  urc  no  loss  cotuitautly  buing  cot 
»umcd.     A  moment's  reflection  will  moke  it  clear  to  yoa 
the  quantity  of  blood  in  Ike  eatae  imUviduat  lautit  vary  vithim 
very  ehurt  intervaU.     Some  little  time  after  an  ample  nmlfi 
or  after  partaking  largely  of  liquids,  the  qnautity  uf  blooil 
circulating  in  the  vaBoalar  system  will  be  greater  than  beforv. 
More  than  this — its  composition  will  be  altered ;  for  slnci*  the 
nutriment  taken  by  ns  han  a  different  composition  to  tliat  ol 
the  blood,  And  we  thfreforc  supply  to  the  latter  with 
chyle  a  fluid  of  different  constitution,  its  compontioa  u 
wholo  must  necessarily  bo  affected.      Furthermore,  t>;  -    ■ 
continuous  interchange  going  on  bi'tween  the  bli>od   ' 
fluids  bathing  the  vessels.     Any  alteratioo  of  tnMiMidktWfi(j 
whether  dependent  on  glandnlar  secret i.  -     '    -     ' 
meats,  or  pathological  causes,  must  neci 
quantity  and  constitution  of  the  circulating  blood.     hO  loM 
imporlaut  in  it  for  the  latter,  when  oonvorf^ly  Ui»  fjank> 
juicfu,  the  lymph,  tranaudes  into  It  through  the  walls  of  the 
capillaries,  as  happens  whenever  the  tension  of  Cfau  blood  ii 
less  than  that  u£  the  surrouiidiug  Huid,  or  -  *;  -  *'      'anil' 

lymph  contain substaoces  of  different  dii:  .ob. 

.    Still  wo  are  ftUly  justified  in  regarding  a  certain  qoantit; 
of  blofjd  as  lu/rmal,  and  you  find  in  i'     '     •  '     '      '    '  vi 
logicitl  cheinialry  analyses  of  the  bin 
dividuals  which  diSor  only  tu  «  most  irifling  extent,     t  uc 


PHTSlOt-OOtCAr.  BBflPtATION  OP  THK  BlXWD-JfASS,  KTP.  *I5- 

itHXy  UU  yoxt  bow  tbis  is  Co  be  explaiuvd.  It  is  the  woll- 
capacity  of  tbe  organism  foradaptiag  itst'lf  to  Tariou» 
}8,  iln  rmjulatice  mechanism,  which  iu  u  uonnal  Hlate 
.  ol  the  blood  boing  maintaiued  in  an  average  L^ondition^ 
litativcly  and  quantitatively.  If  tbe  lunuiint  uf  blood  is 
by  dilutiuu  resulting  from  iJio  abaiidaut  absurptiuu 
water,  there  follows  an  incroaiMKl  excmtiun  of  nrluo,  &o., 
iiL^h  cuutiuQos  till  tbo  blood  is  restored  to  iU  noimal  oon- 
Intration  and  umoiint.  If,  on  the  otber  hand,  the  blood 
much  water  by  copions  porspmiiion,  the  sensation  of 
klrst  very  quickly  warnH  us  that  tJie  flntds  of  tbo  tissnca 
_^ve  entered  the  bloml  in  such  [|Qui)tity  as  was  uecessarj  bo 
>ver  tbe  loss.  On  tbe  tucroaaed  supply  of  albumen  there 
iptly  eniiaos  an  iocrcaHo  in  its  dcoompOKitton,  and  if  you 
iotrodai.-e  a  foreign  mat^^rial,  such  as  iodine  or  cnraro,  into 
blood,  yoa  immediately  6nd  it  in  the  secretions,  ttrine, 
Ijvft,  Ac  IlowcTor  greatly  yon  may  varj-  your  experiments, 
will  not  KQCceod  in  caujiing  the  quantity  or  compoMtioa 
ma  animat's  blood  to  continue  abnormal  for  any  length  of 
There  takes  place  in  the  blood  under  physiolf^ical 
iditious  at  all  times  an  extraordinarily  prompt  aud  sure 
regntaliun  hacinif  tiie  tendtmcy  to  mainiain  the  normal  ^tiun- 
Wative  aitd  qualitative  atitnMird.  llie  organism  rcquirett  a 
lin  amount  of  blcK*d  having  a  certain  coiutilution  in  order 
discharge  its  functions  ;  if  a  portion  is  lost,  fresh  blood  is 
ipari'd  in  the  proper  localities.  On  the  other  hand,  the 
rganium  will  not  maintain  mora  bloud  than  iluevdn;  hbuuld 
the  quantity  bocumo  oxcossive  for  any  reason,  tbusupertlmms 
iti'  id  n>muvL^d  by  increased  consumption  aud  exureliirn. 
Bat  although  Ibo  foregoing  facts  all  haruiouisc  thurougbly, 
id  it  can  hardly  bo  doubted  that  in  presence  of  physiological 
UtioSiS  the  regutatiro  mechanism  of  tho  organism  snflices 
itly  t^i  niHiniain  tbo  blood  at  its  normal  standard  in 
of  qaaniity  and  ooDStitation,  we  are  not  tbereftire  war- 
^ut«d  in  assuming  that  under  pathological  conditions  tliis 
id  can  always  1>e  secured  M-ith  the  same  certainty.  Who- 
aald  venture  to  say,  for  example,  whether,  when  through  soma 
'  r  the  amount  is  increased  by  a  very  consiiti-raltlH 
lit,  ^uperilnons  blood )H  removed  F     Thoonly  means 

arriring  at  a  positive  decision  on  this  point  is  experiment ; 
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tiurj  of  conrsc,  U  tlicrc  tlic  least  difficulty  in  mcre»Mng  tT 
blood -ijuantiini  of  an  animal  arttlicially.     An  cxpcriniDDt  of 
this  kind  ovigbt  to  be  all  the  mure  proBtabU*,  aa  we  should  at- 
tho  same  titno  loam  from  it  irhat  infiueDco  a  possible  abaor- 
mal  increa£o  in  iho  amount  of  bluud  am  exert  on  the  ut 
Diaro  as  a  wholo  and  on  tho  circulation  in  porticnlar.      Bit 
may  bo  introdacod  directly  into  the  vascular  syst^im  of  a  dog 
from  a  aocoud  animal  by  connoeting  tho  carotid  of  th«  oi 
with  the  central  c-nd  of  tho  vena  jugnlaris  of  the  other ; 
a  quantity  of  blood  may  bo  taken  from  an  artery  or  vein  ol 
one  animal,  and  injected  by  means  of  a  sjrriugu  into  ono  ol 
die  venous  or  arterial  Tosaelsof  the  other.     In  the  latter  ouaj 
it  ia  advisable  to  defibrinato  and  strain   the  blood  W-furu  in- 
jecting, in  order  to  avoid  any  disturbing  complication 
might  aritte  from  clota;  and  if  an  aC'tiurat^'  i-xpi'rimuDt 
4eetred,  the  preference  should  be  g:iveu  to  the  luttvr  prooc 
dure  (although  iu  it  defibrinattid  blood  is  introduced) 
it  allows  US  to  control  the  pressure  with  which  iho  Ulty^d , 
enters,  and  iMjpecially  because  we  are  enabled  to  detoi 
the  amount,  injected  with  perfect  aocoraey.     A  middle-aii 
dog  with  good  blood -profisu re  should  be  chueen.     Ilie  cnmudj 
is  connected  witb  the  kymograph  during  the  curart'-  ur  opdom- 
narcosis,  and  into  the  central  end  of  the  v.  juguloris  or  t. 
femoralisu  measured  quantity  of  freshly-whipped  tlog'ahhiod 
heated  to  38°  C.  i^  iujectod.     Tho  course  of  eveut«  will  rcgu-^ 
larly  bo  as  follows.      During  each  injertion,  howev'-  -■■— '-.illyj 
And  slowly  made,  you  eee  the  carotid  preasnro  ri  .  -  <jr 

30  mm.  merouryt  ur  eren  more.      Bnt  the  risii  dooa  not  Imtll 
long;  after  a  few  minutes  the  old  level  is  agaiu  n-acheiL] 
The  uperotiuu  may  be  repeat4.'d  a  few  times,  and  nlwayi  with 
much  the  samo  rosnlt.     You  may  find  even  thati  iltej 

injectioD»  the  pressure  suddenly  falls  below  its  on  ^p],  | 

■only,  however,  to  ronBcond  very  rapidly.     Yet  if  \  iiue| 

injecting  till  about  half  the  nonnal  blood-qnant-uro,  or  3—^ 
per  cent,  the  body-weight,  has  been  introduced,  tho  pnsteun] 
is  usually  maiutaintfd  al  a  very  high\alae,  170  or  !?o 
Hg., — a  value  that  is^  which  may  possibly  bo  - 
ihnn  the  original,  but  which  is  still  xtnctly  n 
limit«.     And  now,  although  tbo  injection  bc 
tiilie«,  th<  mmm  prtMun  doea  not  ritt  a  timgia  mUhmt 
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Yoa  observe  th«  curre  ascending  daring  each  iujecUoOf  but 
no  losH  oooBtaully  di>eK  it  fall  dnring  tlie  pauses;  the  only 
change  being  that  the  period  which  elapses  before  the  eleva- 
tion of  the  curve  again  recedes  is  prolonged  in  proportion  to 
Lhe  amonat  already'  transfused.'  You  may  continue  inject- 
iug  till  yoa  bave  duublud  the  blood>quantum  of  the  animal ; 
you  tn&y  indeed  introduce  lO  or  even  12  per  oent.  tlie  body- 
weight  without  perceiving  any  change  of  the  blood-presunre 
curve  other  than  thctsc  enumerated;  but  should  you  persist 
stin  further,  yon  will  be  surprised  by  v^ry  considerahle  ascend' 
iii'j  and  fiencetiding  osciU^tioim  of  pressure  during  the  next 
following  injections,  which  without  ciception  indicate  a  speedy 
termination  in  death.  I  myself  have  never  seen  a  dog  sur- 
vive the  experiment,  when  14  to  [6  per  cent,  the  body-weight, 
or  abuut  double  the  blood-quautum,  had  boon  transfused, 
and  as  a  mie  animals  into  whose  vessels  an  amount  greater 
than  th«ir  own  blood-qnantum  has  been  introduced  jKrish  in 
tlic  course  of  the  same  or  following  day,  oven  though  to  all 
appearance  they  have  borne  the  operation  well.  Death  is 
still  more  Ulcely  to  follow  the  introduction  of  one  and  a  half 
times  the  normal  blood-quantum.  liVorm  MQllcr,*  who  waa 
the  flrat  to  investigate  the  question  of  plethora  in  a  syste- 
matic scries  of  experiments  carried  out  in  Ludwig's  labora- 
tory, states  that  an  addition  to  the  blood  of  150  per  cent,  is 
the  outside  limit,  beyond  which  life  is  directly  threat  encd. 

Tho  experiment  takes  a  slightly  different  courso  when 
carried  out  on  an  animal  wlioso  bhxtd-pressure  is  low  to  com- 
mence with,  afi,  for  example,  a  dog  from  whom  a  consider- 
able quantity  of  blood  hs^i  previonsly  been  withdrawn.  Here 
tbo  first  injectiona  are  each  accompanied  by  a  lasting  eleva- 
tion of  pressure,  which  continues  to  riHe  till  tho  high  normal 
values  are  reached.  A-ttcrwanb,  however,  the  experiment 
has  precisely  the  same  features  as  the  preceding  one,  t.  f. 
the  elevation  of  pressure  occurring  at  each  injection  di.iap> 
pears  during  the  pause.  Tho  cardiac  pulse-rate,  wo  may 
fttate  iu  this  cuiiuection,  remains  absolutely  unaffected  iu  all 
^uKt'  Irauafusiou  experiments,  or  if  it  bo  affoottjd,  thi»  at 
is  not  tho  rule.     Occasionally,  you  see  the  puUe-rato 

Worm  Miitlrr,  •  B^r.  A.  he'ipz.  Ges.  M*tli.-Plijr».  KI..'  1873.  p.  SJJ  : 
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accelerated  in  the  middle  of  the  experiment,  shortly  after- 
wards a  little  retarded;  often  no  change  whatever  ia  ex- 
perienced. If  irregularities  io  the  rhythm  or  intei 
set  in.  it  is  a  sign  that  the  end  is  approaching. 

How  are  tiheRO  experimeatAl  results  to  be   interprets 
The  resalts  are»  I  repeat,  ((uito  constant  and  regular,  how-^ 
■erer  paradoxical  it  may  seem  at  the  first  blash  that  the  at 
rial  tension  should  not  stand  in  any  direct  relationship 
dependence  to  the  quantity  of  the  circulating  blood.      'Hi. 
the  tension  is  absolutely  independent  of  this  factor  cannot 
of  course  be  credited ;  an  increaKe  of  the  amount  of  blood 
in  the  body  is  well  adapted  for  the  compensatioa  uf    the. 
effects  of  such  agencies  as  abnormally  lower  the  blood'pt 
sure.     But  how,  when  the  blood  in  the  arteries  already  floi 
under  a  high  tension,  does  the  organism  contrive  thai  i 
angmentation  of  the  blood-qnantam  shall  not  be  foUowed  by 
an  abnormal  rise  of  pressure?     Wliat  means  has  it  ac  dis* 
poBul  which  enable  it  to  reguUto  the  blooit-prMtmn  so  aa  to_ 
preserre  the  normal  standard  7     Now,  the  rapidi^  with  whid 
the  riito  gi708  place  to  a  fall  immed^itely  after  the  injoctiui 
makes   it  probable  a  priori  that  turvow  inHacnccA  are  th( 
agents  here.     Whether  some  of  the  TaBO-constriotorB 
to  be  excited  or  the  activity  of' certain  of  the  dilaton  t*  ia- 
oreased,  at  any  rate  it  is  evident  that  additional  spaos  H, 
supplied  for  the  larger  quantity  of  blood  by  relaxation  of  tl 
tonic  contraction   of   the  arteries^  and    Uiat  tho   rcsutcis| 
diminution   of  resistance  suffices  to  compensate  for  the 
crease  in  volame,  thus  maintaining  the  normal  state  of  thts{ 
in  presence  of  a  factor  which  would  othcrwisa  imisa  the  pf 
sure.      The  importance  of  this  intorroation  on  the  part  of 
nervous  system  is  most  strikingly  shown  by  the  bebavioor 
animals  d.uring  transfusion,  when  the  cervioa]  cord  hafi 
previously  diviUod.     In  them  the  return  to  the  former 
sure  after  each  injection  ia  absent ;  the  tension  in  the  caret 
slowly  mounts  in  exact  proportion  to  the  qoar:' 
Still  the  action  of  tbe  nervous  system  is  tnadeqau: 
the  absence  of  all  snpernonnal  elevation  of  prestrare  on 
creasing  the  blood-qaantnm.     For  even  afl 
cerrioal  cord  it  in  impossible  to  raise  the  aru.- 
wjU  by  continntng  the  Injectiomi;  tht  tention  d< 


EXPLANATION  OP  EXPBBIMBXTS. 


419 


'f«rfatn  value,  more  or  less  nearly  approachiog  tLat  which 
kiled  before  the  cord  was  divided. 
Acoonlinglyj  aomo  other   factor    must   be   present — one 
lich  chL^cks  an  abnormal  elevation  oF  preasaro  in  excessLve 
[iletion  of  tho  vascnlar  system.     For  the  transfiuetl  blood 
first  remains  in  tho  interior  of  tho  vosculiir  syst'Cui,  and  it 
_oiinnot  for  a  moment  bo  supposed  that  tho  vossels  are  relieved 
an  inoreiwo  of  transudation.     Truo,  as  was  shown  bj 
^  Miillcr,  more  lymph  is  prodncod  than  before,  and  during 
le  inJL'Ctions  and  subsoquc-ntly  a  larger  (quantity  o£  more 
eoncontrated  lymph  flows  from  tho  dnctns  thoracicus — as  yon 
will  notice,  without  any  apparent  dcpendonco  on  the  height 
of  arterial  prefl«nre.     But,  in  tho  first  place,  ibis  augmenta- 
in  the  quantity  of  lymph  by  no  means  occurs  in  all  the 
18  ;  e.  g,  the  skin,  muscles,  and  indeed  extremities  gene- 
lly  are  free  from  it.     In  the  second  place,  the  increase  in  the 
ipk-stream  throagh  the  ductus  thoracicus  does  not  supply 
ay  additional  space  for  tho  blood.     To  unload  the  vascular 
rstom  it  would  be  necessary  for  a  certain  part  of  its  con- 
to  enler  the  tissues  or  some  ono  or  more  of  the  cavi- 
Jm,  in  short,  iofnrsah!  thf  htood-  and  !tjmph-rhanru:ls  ;  and 
>mctic»lly  speaking,  encb  an  occurrence  does  not  take  place 
these  experiments.     Tn  animals  into  whom  8,  la,  even  (2 
pr  cent,  the  body-weight  lins  been  introduced,  there  is  found 
unly — a  trifling  oedema  of  the  pancreas  with  a  few  pancti- 
haimorrbftges  of  the  organ  ;  a  slight  bloody  ascites ; 
ther,  ecchymoscs  in  tho  stomach  aud  intestines :  and  the 
btal  amount  oE  extrava!tate<l  fluid,  if  estimated,  will  never 
le  found  to  be  more  than  20  to  30  grams  at  most.      Tf, 
sen,  the  whole  of  the  iujected  blood,  save  an  insiguiftcant 
ictiun,  renmins  in  the  vessels,  the  over-filling  of  the  art«- 
beyond  the  natural  tension  can  be  avoided  only  by  the 
tiKpoiial  of  the  cxcesK  in  other  parts  of  the  vascular  system. 
Tfacso   parts  arc   the  cajnllaries  aud  small  vein*,  chtollyj  it 
would  seem,  of  the  abdominal  organs.     In  animolB  which 
have  been   treated  in  tho  manner  described,   tbc<.'<^o  organs 
always  give    ono    tho    impression   of    decided    li}'penemia, 
while  the  extremities,  skin,  nnbcutancons  tissue,  and  cen- 
tial  nervous   system   show  no   esccssive   vascular   fnlness. 
ig  and  Gubsoqncutly  to  each  injection,  the  blood,  baving 
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paaaad  tliroagh  tho  langSt  arriTos  ra  the  aortic  ^stem  ;  henn^ 
the  pressure  rises  and  continues  liigh  till  the  excess  h»&  been 
carried  into  Oie  capillaries  aud  veooati  radicles,  when  itsgaiu 
falls  to  normaU  and  remains  so  till  the  next  transfusion  odcc 
more  causes  its  elevation.  The  yradually  increaj"'  '  '  ^v  il 
tho  return  of  the  arterial  pressure  to  iIr  normal  lev  -  th< 

later  injections  is  quite  in  harmony  with  Urn  explanation,  foi 
tho  fuller  the  capillaries*  are  already,  the  more  difficalt  i»  il 
for  the  arterial  pressure  to  force  new  bloud  into  them.     Oc 
the  other  hand,  this  view  is  nob  iuTalidat'Cd  by  tho  fact  thai 
the  prcs&ure  iu  the  large  veins  does  not  peruiaueutly  aacead 
beyond  the  uurmal  value.     During  tho  injection  it  also  hfos, 
it  ia  true,  and  sometimes  very  considerably,  bat  this  prooeeda 
apparently  from  tho  resistance  which  the  heart,  being  over*J|| 
loaded  at  the  moment,  opposes  to  the  venouH  stream,  as  ii^^ 
most  strikingly  evidenced  by  venous  pulsation,  which  tumally 
appears  during  tho  injection,  and  iminodiatt'ly  Bftcrrrardi 
again  gives  place  to  the  equable  uon- rhythmical  flow.     Bol 
not  only  does  tho  venous  polee  cease ;  the  prussnrv  also  Ealli 
in  tho  paosos,  and  even  in  very  marked  plethora    '         *'^ost^ 
to  its  original  level.     This  is  poriMibk>  because  thi.'      .     :  'lin^J 
does  not  so  much  concern  the  large  veins,  in  whicli  alone  tl 
blood-preasnre  can  bo  measured,  ss  the  capillaries  am! 
radicles ;  and  also  bvcause>  owing  to  the  great  dibti-i.. . 
of  the  walls  of  the  veiiu,  a  considerable  addition  to 
contents  need  not  raise  the  tension  iu  them  to  any  gr 

tent — so  long,  at  least,  as  ike  entraHce  of  veiKnu  hi-  ~ 

the  heart  vf  not  impeded.     But  duriug  the  iutttrvala  betweei 
tho  injectiomi,  when  the  arterial  preaeuro  has  ag&in   ' 
normal,  tho  blood  is  perfectly  Froo  to  enter.     Tho  qna.;L.: .    . 
blood  now  arriviug  in  the  heart  is  neither  more  nor  Icm 
before.     For  since  the  motor  forces  niid  the  reaistances  have 
nndergone  no  alteration,  there  is  nuthing  to  eaoM  »  moi 
rapid  flow,  and  no  reason  why  more  than  tho  normal  quau^ 
tity  should  \m!  conveyed  into  and  out  of  the  heart.      Thc^i 
inferences  are   fully   confirmed   by   microscopio  obyervatic 
of  tho  circulation  in  the  tongue  or  swimming- mem bnne  of 
Frog,  into  the  v.  abilominalia  mediatia  of  which  an  )■ 
of  frog's  bluo<l  is  made.     During  ila  introductiim  au  .,■ ... 
ration  of  the  flow  is  of  coqrse  present,  uud  this  must 
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■aboat  an  aoate  augmeatation  of  the  arterial  prcssnre  ;  very 
j««>ii  ftft«r  thtr  injection  iH  completed  the  blood-strvam  regains 
its  uriginal  velocity.      Precisely  similar  results  may  ha  arrived 
at  by  determining  tbo  quantity  of  blood  leaving  the  foreleg 
of  a  dog  before,  daring,  and  immpdiately  after  tratiRfusiutt. 
Tbi«  then  is  the  modus  by  nrhicU  a  snpornormul  elevation 
of  arterial  presanre  ta  obviated  io  over-filling  of  the  vascular 
gystem.     The  fulness  of  the  ai-teries  thomselvcs  is  not  much 
increased,  or  is  increased  at  most  in  so  far  as  a  moderate  re- 
laxation of  tonos  permita.      The  eapUtarie*  and  amall  veitiM, 
■chiefly  of  the  abdominal  viscom,  become  j?/M  to  dUtension, 
and  8o  harbour  by  far  tho  greater  part  of  tho  napcrflaous 
blood.     That  this  should  he  at  all  possible  cannot  be  a  matter 
of  surprise  to  yon,  inaamach  as  I  have  repeatedly  directed 
your  attention  to  the  fact  that  the  vascular  system  is  vastly 
more  capacious  than  the  accommodation  oE  the  normal  bluod- 
qaantum  demands.      How  far  its  capacity  reaches  irill   be 
-clear  from  other  experiments  which  I  shall  very  soon  com- 
municate to  you.      But  although^  as  wo  hnve  seen,  space  is 
provided  ia  the  vascular  system  for  an  abnormal  bluod>qaan- 
tam,  it  would  not  therefore  bo  justifiable  to  regard  tho  ox- 
•oewivo  diatensioD  of  the  vessels  in  question,  or  as  W,  Miiller 
terms  it,  their  elastic  strelchintj,  ne  a  perfectly  harmless  oc- 
cnrrence.     This  writer  has  bronght  forward  a  striking  proof 
that  the  functional  power  of  the  vascular  system  is  essenti- 
ally lowered  by  very  pronounced  plethora.      Venesection  of 
dog  in  whom  artificial  plethora  has  been  produced  causes 
le  arterial  pressure  to  fall  so  rapidly  that  it  is  fonnd  impa'?- 
ible  to  obtain  even   the  qnantity  of  blood  originally  intro- 
luced  ;   the  dog  dies  although  he  has   more  blood  in   his 
ressi'ls  than  he  possessed  before  the  injection.     This  cannot 
»lly  depend  on  anything  but  the  decided  impairment,  from 
rer-filling,  of  the  elasticity  of  those  portions  of  the  vascular 
System  wliich  are  situate  between  the  arteries  and  the  auricles, 
,«.  the  capillaries  aud  veins.     Whether  it  is  to  the  gradn- 
Uly  increasing  enfeeblement  of  elasticity  in  these   vessels 
that  the  death  of  the  animals  is  ultimately  due  when  the 
plethora  is  oouttnuouaty  increased,  I  shall  leave  undecided. 
A  definite,  tangible  cause  of  death  can  no  more  be  found  in 
tho  cases  where  the  dogs  have  perished  during  the  experi- 
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meat  tluu  in  those  where  they  baro  aarviTod  it  sotoo  boars 
or  oven  days.  During  thU  period  the  smmals  with  the  ex- 
trome  polyicmia  cixhibit  varioDs  morhid  symploniB,  saoh  •» 
TOmiting,  ha-'matariaj  thoy  have  uo  oppctitD^  are  uxhansted 
and  docidcdly  decrepit^  till  death  ensn&s  withoDb  anjr  pbc- 
notnena  of  a  striking  character. 

Kotie  of  these  sjioptoms  are  observed  in  dogs,  the  01 
filling  of  whose  Tascolar  ^gtem  has  been  moilrralt^  in  Hegret,^ 
Far  from  cosfimiiug  the  appreUensious  vith  which    old( 
medicine  regarded  over'lilliDg  of  the  TeaseUi  however  alight 
the  experimenta  o£    Lesser,*  W.   Muller,  and  oCbcn  hart 
demoogtrated  that  dogs  into  whom  a  halfj  or  even  two  tlurdji, 
tbeir  original  blood-quantum  and  more,  ba«  been  iujccledj 
show  absolately  no  disturbance.    They  run  about  briikly  aftcr^ 
the  operation^  and  feed  with  a  good  appetite;  and  liMier 
was  able  iu  the  space  of  a  week  to  transfuse  into  the  larae 
dog,  on  the  first  occasion  Si   per  cent.,  and  on  the  eeoood 
75  per  cent,  its  bloud<qaantam  withoat  any  morbid  moUi. 
But  though  this  fact  is  sufficiently  remarkable^  you  will  bfi 
still  more  interested  in  the  qaestion — what  heeomv  of  tkci 
injected  blood?     "W.  Mtillcr  has  endeavonred  to  answer  itbyj 
BjBtematically  examining  the  bloody  and  by  inveatii^ting  ih« 
mctabolifimj  in  so  far  as  this  is  manifested  \^^  '■■&.     Ho^ 

starred  the  dogs  before   and  after  transfu: .  ..,    ._:i.-rmic 
the  number  of  corpaBcles  preseot  in  the  blood  by  tho  methc 
Malaasez.t  counting  them  prior  and  sabfteqnently  t>>  theinjoe-^ 
tion  during  several  daya>and  at  like  intervals  estimated  tWj 
■mount  of   nriuo  and   oontainod  urea.     Uy  comparing 
resnlts  got  by  conoting  tho  blood-corpiucluii  with  proviovi' 
calculations  he  could  arrive  at  perfectly  barmooiuus  eoodt 
aionsj  provided,  of  course^  that  the  injected  blood  was  wjaaUj 
distributed  throughout  the  blood  of   the  aoimal.     Thai 
actually  happens  o&unot  reasonably  be  dnubted,  the  mora 
as  the  intermixture  of  the  blood  with  a  liquid  0V4d  uf  qt 
dissimilar  characters  isj  as  you  will  soon  luam^  fully  ofli 
in  a  very  short  riuie.      The  result  arrived  at  by  W. 
was  quite   constant.     Uo  found   that  a    rory  oonaldi 

•  liiuer, '  B«r.  d.  Uipt.  Om-  Mft1li.-Pliyt.  K1.,'  i!l74.  p.  IS3- 
t  L.  M»\tmur, '  De  la  nmu^vtioD  ilw  ^obahM  roajso  An  «<if  ■'  P« 
1S71. 
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portion  of    the  iojucteil    pln<nna  paascs  oot  of   the  veaseU 
luriDg  the  next  few  hoars.      Tho  remaiDdcr  of   the  foreigii 
jUasma  is  not  dieposeU  of  bo  rapidly  ;  but  after  two  ur  three 
days  no  part  of  it  could  be  dotectcd,  evon  when  60  or  indeed 
So  per  Cent,  the  original  blood  •quantum  had  been  tmosfascd. 
Ho  now  invariably  f on ud  the  nnmUor  of  tho  hlood-corpnscles 
to  correspond  prottj*  accnrntely  with  the  total  obtained  by 
loalotion  from  the  originnl  and  the  transfused  blood.     Bat 
increase  of    corpn&cles  is  aho  evan&scent ;  a  few  days 
kftor  the  injection  they  begiti  to  disintegrate,  and,  more  and 
>r9  o£  them  becoming  gradually  involved,  the  result  is  that 
ft  few  weeks  at  farthest  they  are  not  more  nunieroas 
lan  before  the  operation.     The  time  required  for  this  de- 
Irnctire  process  depends,  of  conr&e,  on  the  amonnt  uf  blood 
knsfused.     After  injections  of  from  30  to  30  per  cent.,  the 
rbolo  of  the  new  blood-corpuiicloK  arc   destroyed  in  a  few 
■ya ;  when  from  60  to  80  per  coot,  has  boon  introduced^ 
or  even  three  weeks  must  olapso  before  they  are  oom- 
ately  removed.     As  to  tho  means  whereby  this  retrogressive 
Ituratiou  of   the  blood  to  tho  normal  is  oSoctcd  tho  urine 
the  moet  important  information.     This  excretion  and 
contained  uretk  are  augmented  from  the  day  of   tmns- 
sion  ;  but  while  the  increase  in  the  amount  of  uriue  ia  not 
laiotained  at  its  original  value,  the  excretion  of  urea  remains 
isivo  till   the  injected  blood-corpusoleo  ore  totally  de- 
troyed.     Whether  any  of  the  other  gaseous  or  liquid  excre- 
ions  ure  increased  has  not  yet  been  determinedj  thongh  this 
prob&blo  enough.     Dut  tho  facts  adduced  are  sufficient  to 
itabb'th  the  view  Ihat  th£  blood  arli/iriaUy  tranxfuscd  w  de- 
lyfid  IA  thfi  ciyaniim,  the   plasma  more  quickly  than  the 
>r])uscles  ;  and  that  the  products  of  its  destruction  appear 
part  in  the  uriue.     Some  of  these  products  which  are  not 
Bxcreted  by  some  channel  or  other  remain,  us  Quincke*  has 
sntly  sbowQ,  in  the  form  of  yellow  or  brown  granules  of 
rarying  size.     These  grauuleii  all  give  the  reaction  of  iron 
with  the  greatest  ruadiueiis,  and  occupy  tho  liver,  the  spleen, 
tnd    the    medulla  of    boue.     la  the  liver  the  ferruginons- 
ronules  are  enclosed  in  leucocytes  situated  in  the  interior 

QiiIimIi«,  'PMacttrift  xnm  Anlankea  so  Alb.  t.  Hid1«r.,'  Bern,  1877, 
I.  37  ;  ■  D.  A.  f.  Uin.  MocL;  xx?,  p.  567,  utii.  p.  193. 
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of  the  capillaries ;  while  in  tlic  bone-medulla  and  ^plecn^  on^ 
tho  oontrury^  they  are  contained  in  the  cells  of   tbe  parcn- 
cbyma.      I  do  not  apprehend  thnt  any  of  yon  will  nttaoli  If** 
importance  to  tliese  experimental  results  IiecauAC  they  biLTe 
been  obtained  by  the  transfusion  oE  defibrinated  blood.      Fori 
there  is  nothing  in  the  natare  of  the  case  to  lead  one  U>\ 
anticipate  that  the  presence  or    absence  of    a  nambor   of 
colourless  corpuscles,  and  of   the  exceedingly  minute  quan> 
tity  of  iibrinogen  which  the  normal  blood  contains,  could  in 
any  way  iuflueuco  the  fate  of  its  reiiiniuiug,  greatly  prepoo* 
derntiug,  constituenta.     Moreover,  the  results  of  direct  trans* 
fusion  from  the  carotid  into  the  jugular  have  been  proved  to 
be  full;  in  accord  with  the  foregoing. 

The  truth  of  tho  viewa  which  we  hare  placed  at  the  head 
of  our  di&cuBsiou  on  plethora  could  not  be  more  furoibly 
proved  than  by  tb<;»e  expenmenta;  and  whoever  has  wit- 
nessed theni  wilt,  I  thinkj  henceforward  treat  with  lonw 
distrust  all  statements  in  favour  of  the  existence  of  a  lasting 
pathological  increase  of  the  blood -([uantum.  In  the  older 
literature,  it  is  true^  nu  unimportant  [lart  is  played  by  ple- 
thora vera  or  polysemia ;  and  many  pathologistd  of  eni-j 
Dcnco  still  nn hesitatingly  maintain  its  gcnnincBCsa.  It  will 
hardly  be  hold  by  anyone  nowadays  that  the  disappoaranoe 
of  habitnal  hscmorrhages,  snch  aa  the  menstrual  or  hscmor^ 
rhoidal,  could  give  rise  to  an  abnormal  increaae  in 
blood-quantum ;  for  tho  uon -occurrence  of  the  I'V 
results  simply  in  the  absence  of  the  corresponding' 
regeneration.  Nor  can  the  form  known  as  plrthora  aj/ocop-'i 
tica,  supposed  to  arise  in  consequence  of  th(*  removal  of  ona 
of  the  larger  parts  of  the  body,  c.  g.  after  umpntatiun  of  >a 
extremity,  be  said  to  have  any  supporters  at  preaont.  Fc 
though  it  has  confidently  been  claimed  that  iudividuali 
have  lost  an  extremity  complain  alter  a  l.imi-  of  voriuas  coi 
goativo  oonditiona  and  other  troubles  pointing  to  over'fDiDBBK 
of  the  vascular  system,  this  is,  neverth<>l(^»s,  iscorroct ;  and 
oven  if  it  occurred,  should  be  interpreted  iu  a  v&y  dUTerenl 
way.  When  an  extremity  is  removed,  poi4iapa  witlioat 
loas  of  a  drop  of  blood,  the  organism,  by  usanatii'  - 
gawons  and  liquid  excretion,  connmncfl  and  diapow* 
a  quantity  as,  owing  to  the  absence  of  ihe  exi: 
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become  " nupafwHU."  For  the  foture  tooitia  able  to  keep 
the  blood -qnantutn  within  its  normal  relative  Umita  ;  the  more 
etuiity  Miiice,  lu  additiun  to  the  blood-con Kumiug  portioiix  of 
the  extremity,  f.  g.  the  niascles>  the  bone-uiarrow,  a  (isHue 
eugaged  in  pruduciug  blood,  is  ulso  Iwt.  Tliere  i-euiaiiin  then 
but  oni'  other  variety  of  plethora,  that  which  is  said  to  arise 
in  ecnse^uenee  of  a  vxiperahundani  fuppty  of  nourishment  in 
irffms  of  olvgguih  habit,  evyecially  if  iufn^ciunt  exernte  be 
m.  It  is  the  polyiemia  depending  on  these  causes,  the 
aibility,  or  rather  comparatirely  conunon  occurrence,  of 
'which  ia  tftill  looked  upon  by  some  clinicians  as  nnquestion- 
lie.  And  yet  a  pathogenesis  of  this  kind  appears  to  mo  to 
more  than  any  other  incompatible  with  what  we  know  of 
le  life  and  functions  of  the  body  and  of  its  individual  organs. 
Or  Can  we  really  believe  that  the  activity  of  the  blood-pro- 
dacing  oi^ns  may  bo  enhanced  at  will  by  supplying  albu- 
mens, &c.,  in  the  food,  or  that  the  body  stores  np  as  blood 
whatever  portions  of  food  are  not  needed  for  other  purposes? 
On  the  contrary,  wo  know  that  an  excessive  supply  of  ootiriah* 
tnt  excites  in  all  cases  a  corrcBpondingly  abundant  excrc- 
)□  ;  and  that,  even  when  the  organism  is  not  in  a  position 
tncrea5ie  oxidation  tn  adaptation  to  this  supply,  the  moat 
it  results  is  an  abnormal  production  and  accumulation  of 
And  now  what  are  the  s^'mptoms  cited  in  proof  of  over- 
ling of  the  vascular  system  ?  A  full  pulse,  a  florid,  red 
jnntenauce;  a  tendency  to  congestions  of  various  organs  «n 
'  one  baud,  and  to  passive  hypenemia  and  stagnation  on  the 
}r;  and,  lastly,  the  development  of  cardiac  hypertrophy 
fcbsGQce  of  any  other  known  cause— thes^o  are  the  factors 
Itch  tlie  diagnosta  "  plethora  "  is  based.  Yet  they  bear 
no  resemblance  to  the  s^nnptonis  presented  by  animals  in  whom 
lora  haR  been  artilicially  produced;  and  there  is  no  diffi- 
ilty  in  arriving  at  an  equally  satisfactory  explanation  of  the 
Utions  present  by  referring  them  to  very  different  causes, 
ly.  to  disturbimces  of  inner\'atinn  of  the  vasrnlar  system. 
I  do  not  doubt  for  a  moment  that  the  Bame  writers*  who 
>nfidently  speak  of  a  plethora  of  gourmands,  aa  though 
iling  with  an  axiom  of  physics  or  mathematics,  would,  if 

y  '  V.  Frucukel.  in  the  recicir  of  the  fiiivt  edition  of  thewlecture*. 

ZriL=  .1.  Mex]..' ii.  p.  733. 
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(lirvctly  quiwtionDdj  ntoncefonfuss  tltal  thuncientirtccndmc 
for  tbis  furm  of  plcihora.  is  practically  nU,     Buc  antit  pruuU 
aru  produced,  it  may  bo  well  for  ua  to  Hdhoru  to  tJie  KCfptieal. 
alLitude  justiiiLMl  by  plain  exporimenU  onaiiiinals^  and  to 
fiiHO  to   relinquish  our  positiun  that  a  true  trimplc  jtolj/t 
rttnTUit  umier  twy  circuiwttanees  i'!  mtirc  Ihoii  a  vmre  imt 
amdiUon, 

I  intcnlionally  emplinsixo  (ho  durutum  of  iUl-  pltrtht 
for  a  romarkablo  Jaet  has  quit©  recently  been  tliAcorcrwl^j 
niuuoly,  than  an  orer-filliiig  of  the  raaciUar  system,  ■>  typk 
polyoemia,  very  frequently  occurs  as  a  transitory  >    . 
tlie  new-born — quite  ludcpondently  of  a  rapid  ai   . 
supply  of  flnida,  kc,  from  the  digostiro  tract.      tSchUclduj; 
was  tku  fintt  to  sbow  (nud  his  observations  haw  buico 
i^onBnned  by  Mevc-ral  obstulriciaQ»)t  that  a  largt  port  it/  tfi* 
blood  of  the  fivtal  ptacenta  i*  forced  into  the  fMtcular  tftltm 
of  the  chitd  by  ihu  contmctions  of  the  ntcnts,  eapooialiy  in 
cases  wheru  the  second  stago  oE  labour  has  been  tedioaft. 
The  aoioant  thus  transfused  into  thu  child  is  far  frum  flmall 
diSon-ut  writurs  bavu  dctonuintd,  by  weighing-,  an  uxoetail 
uf  aH  much  im   loo  f^niit  ntul   itioro,  or  more  than  half  thttj 
arerage  normal  btood-quaotum  of  tlie  nt>w-Uom.      But  tti4 
fnrtber  ouurso  of  what  may  bo   !■  1    1  H4  h  pi. 

riment  devised  by  rmturu  hcTHcli  ■    lug^lmut  i(l<     [ 

those  which  you  yonrtfelveH  havo  witnesBed  ;  Iha  gupcryhum 

hltiod  Mum  dimLpjii'ttr/*,      Ho"  i "  :  -n       '        I"     '     . 

to  thowaiitof  adoijnatn  invi      ,,  : 

held  by  many  be  correct,  and  tbo  disintegration  and  solatk 

of  tlio  supprflnoufi  blood-corpuAcli»4  iit  really  evidence-" 

ioter<]8  neonatorum,  lhi»  alone  would  supply  do  iof .' 

as  to  the  fate  of  the  tranttfused  blood  as  a  whole.      Probttbt] 

the  diRiu(«grit(.ipm  and  removal  of  the  superb' 

place  in  llie  uen-bom  iu  e&Dt'utially  the  ttani'        _.        .  . 

grown  animals ;  in  that  first  the  plasma  and  afterwardB 

*  Bclttirklni;, '  Bvii.  Uin.  WiKlMUJichr.,*  1877.  Koa.  i  uid  a. 

t  IlUojT.  '  Tcb^r  i.  EinfloiH  <l.  Nai:llJ?l•Tl^rt^^ 
Bltilin«i(C«!/  r..n.  Kiffl.  1877  1  ZweiM,  ■  Ctl>].  f.  1; 
Hofninivr,  ibU..  No.  18;  I'ornV. '  lUro*  mona.  ^•■ 
PP*3J4>439-  I'uDisraaa  refmnm  sra  ootuael 
»boatuli  ia  aoliret^  b;  Violet, '  Tireh.  AV  l'"*  p-  3i3- 
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oorpascular  elomeota  aro  disposed  of.  To  me,  afc  lenst,  this 
view  ttveiDs  to  bo  favoured  by  the  circiunslanoe,  tesiifiod  to 
by  varioDB  older  nnd  more  modem  writers,*  tliat  Uit-  blood 
o(  children  is  soon  after  birth  cotMiderably  richer  in  red  blood- 
corpusclcs  th&n  is  the  ca«io  some  weeks  sabsoqnently. 

While,  accordingly,  tbe  subject  of  plethora  can  claim  no 
more  than  an  essentinlly  theoretical  interest,  it  is  otht-rwiso 
with  the  diminution  of  the  blood-quanlum,  oligxmui,  nv  as  it 
ta  oommonly  termed,  amemia.  For  ovory  liKinorrhnge  must 
n.'cessnrily  lessen  the  total  blood  circnUting  in  the  lK«ly,  and 
till:-  in  proportion  to  its  abundance.  The  effects  on  the  cir- 
colation  of  sach  diminution  of  the  blood-quantum  have  r^ 
pentodly  boon  determined  by  observation  of  the  huniau  sub- 
ject, and  by  experiments  on  animsls.  Kvorj'thing  dejuuids, 
1  need  hardly  say,  on  the  dejrrffl  of  annjmia,  i.  e.  on  how  largo 
B  fraction  of  the  total  blood  has  been  lost  by  the  ha^morrliage. 
A  lt'»3  of  one,  or  a  few  parts,  per  thousand  cannot  exert  any 
eOffcl  wurtli  oientioning  on  the  circulation ;  for  such  varlntiuns 
in  amount  aro  folly  within  the  physiological  limits.  But  even 
bare  much  moru  considerable  degrees  of  acute  ana^miFihave 

be  remedied,  tlie  physiological  regulative  mechanism  of  the 
cirganif-in  in  cjuito  equal  to  tho  task.  If  you  open  an  artery 
ur  veto  in  a  dog  and  draw  off  a  qnantity  of  blood  oqnal  to  i 
per  peat,  ite  body>weigl)tf  or  about  an  eighth  part  its  total 
bloo4l,  you  oliHtTvo  during  the  operation  a  fall  of  nrtfrial 
presKan>,  and  the  pulse  becomes  small  and  easily  compres- 
aible.  This,  however,  does  not  last  long ;  after  wailing  abont 
half  a  minute,  the  pnlsc  gets  more  forcible  under  your  tinger, 
the  mercurial  column  of  the  manometer  ascends,  and  the 
carotid-prossDre  very  soon  regains  its  former  level.  More- 
over, you  may  soon  follow  up  the  first  phlebnt^jmy  with  a 

cond  aud  really  considerable  one,  say  {  per  cvut.  the  Lody- 

igfat ;  aud  again  the  arterial  prcssuru  is  observed  to  fall, 
fui<l  ihea  to  rise  mpidiv,  ]>rucisely  as  it  did  befoiv.  The  loss 
of  even  mort*  Man  a  fourth  part  of  Ike  lotol  blvod  can  be  borne 
by  many  dogs,  oats,  and  rabbits  tcUhout  anjr  laetivy  fall  in 


*  Paiiuiii« '  Vtnb.  K.,'  xxU,  p.  4S1 1  lUyem, '  Conpt.  nnd.,'  Ixxtiv,  No. 
SI.  1B77. 
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■Ituir  arterial  prwmtre.     It  is  obvioan  that  thiit  restonUion 
the  origiual  eloTfttion  cannot  be*  effected  in  sach  »  siiari  tin^l 
riKikoDed  as  it  is  by  seconds,  bj  u  rufilltn)^  of  the  vmpif^ 
vesselB ;  the  regulation  is  effected  by  the  adapiation  of  the 
arteries  to  tbe  rodnced  blood -quantn in,  tind  :  ^  It  by  tha 

tnterventtoi)  of  the  va.vf'Tnolor  narcous  irtfutrm,  .  .'  agm^ 

•the  regulation  is  brought  aboat.     Anaamia  ia  an  lixciter  o| 
the  TBM-motor  centre  ;  and  acts  mure  ^-igo^ously  in 
cion  to  itit  degree  and  rate  of  derelopment.      60  soon  tbere-i 
•fore  as,  owing  to  the  hicmorrh^^,  an  nbnormuUy  small  ^appl] 
of  blood  is  conveyed  by  the  arterios  to  the  mednlla  obtongata^l 
the  muscular  coat  of  the  vewebi  is  excited  to  utrongrr  roa- 
traction  throughout  tho  Tvhole  of  the  systemic  arteries,  a«^ 
as  the  raeo-motor  centre  rules  ;  and  tn  thiii  way  the  proaniv 
is  restored.     Uuucfforlh  the  velocity  of  the  flow  i*  normal,, 
and  the  frequency  of  the  heart-beats  as  before  the  opentkm^ 
But  while  a  direct  impairment  of  thu  finjulatioii  11  prevent 
by  this  regulative  mccbauiamj  the   latter  cannot   obviate 
the  disadvautages  to  the  organism  which  a  diminution  in  1 
blood-quautum  muet  involve.      For  the  amount  of  blood  nnr^ 
mally  contained  in  the  vascular  nyitem  la  no  nicely  ndjosted 
to  the  needs  of  the  body  that  the  vigrirous  and  ample  •treaia 
required  for  the  vrnrk  uf  the  individual  ui^anx  ran 
obtained  by  the  simiiliuneoui^  n>duction  of  the  blood-ci 
-of  other  organs  toa  certain  minimum  amount.      Now,  when ; 
quantity  such  as  that  montioned  above  i>t  lo^t.,  and  1' 
amount  of  blood  in  rednccd  to  6vr  flixthn  or  even  thrpi^ 
the  normal,  whence  can  the  blood  be  taken  for  the  workini 
organs  without  at  the  oame  time  so  im|>r>i    ■  -  the  r»"'mnii 

ingones  as  to  seriously  tlirvalen  their  inr.  ,.  -ml  phywnl 

gical  constitution  ?     The  occurrence  of  an  anaemia  in  wbiob ' 
arterial  pressure,  and  with  it  the  velorily  of  the  ^" 
and  frequency  of  the  putse,  at  first  remains  quit 
19,  you  will  obserre,  an  event  of  no  tittle  moment, 
■can  be  uo  doubt  that  it  would  ver;  soon  1  '  "^'Xl 

iuju  riouB  consequences  were  not  the  Ioi*s  ■ 
hy  a  corresponding  rfgeneratiun. 

That  such  a  regeuenition  actually  t'luoi'B,  nud   iLat  evea 
^oonsidemblu  loss  of  blood  is  usually  made  g'<  I  u:  fi 
to  four  weeka  at  farthest,  in  ft   fact  ph 
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thoaMuidA  of  obsor  vat  ions,  collected  during  tte  experience  of 
oentaries.  But  Lowevur  iudubitablo  tlio  fact,  ve  are  »till  far 
from  aoy  kuowledge  of  tbo  modun  of  tliU  rcgeucrattou,  and 
of  the  processes  bv  wbieli  it  is  brought  about.  The  roplacc- 
iDcnt  of  the  water  and  shUm  may,  it  is  true,  be  rapidly  effected 
from  the  food;  and  when  thd  apparatus  of  digestion  and 
absorption  porform  their  functions  normally^  not  more  than 
a  fow  dayK  will  elapse  before  the  albumen  of  iho  blood-sonim 
ifl  again  normal  in  amount.  The  blood  has  tben  the  aamo 
volume  as  before  the  Iosh,  but  it  is  poor  in  bUKMUcorpuKcles ; 
tho  oligcymia  has  become  an  oligocifthipmui.  Tlic  dispro- 
tioD  concerns  chiefly  the  red  blood-corpuaclesj  for,  bk  already 
noticed,  the  lose  of  colourless  cells  in  haemorrhage  is  alwaya 
elnlivtiij  smaller  than  in  the  loe^  of  red  ones  ;  and,  again, 
ic  lymph  ent-eriug  the  blood  is  such  an  inexhaustible  source 
colourless  corpuscles  that  the  latter  are  never  greatly 
lihed  as  the  result  of  haemorrhage ;  in  any  case  tbo 
$ase  L8  very  quickly  repaired.  It  is  rather  a  condition 
reUtive  teucocythxtnia  that  is  developed  after  every  aome- 
"what  considerable  loss  of  blood,  and  this  only  gradually  dis- 
appears as  the  normal  quantitative  rvlatious  between  red  and 
colourless  blDod-corpuscles  are  re-establitshed.  This  implies 
thiwt  the  replacement  of  the  lost  red  corpuscles  occurs  much 
more  aU/icly  than  does  that  of  the  colourless  cells — a  circom- 
Ktance  which  partly  explains  how  the  details  of  the  regene- 
rution  of  the  red  blood-corpuscles  have  been  so  far  envelopeil 
in  obacurity,  but  does  not  render  this  deficiency  in  our  know- 
ledge auy  the  less  palpable.  Unfortunately,  the  veil  which 
bidos  tho  life-history  of  the  formed  elements  of  the  blood  has 
ap  to  the  present  been  raised  only  in  a  few  places^  and  phy- 
siology  and  pathology  have  both  equally  to  complain  that  on 
this  subject  wo  are  often  left  groping  in  the  dark.  True, 
there  is  no  lack  of  hypotheses.  The  commonest  view  pro- 
bably was  till  quite  lately — that  colourless  blood-oorpnsclea 
arc  con-stautly  being  produced  in  certain  organs,  tho  lympha- 
tic glands,  tho  spleen,  and  perhaps  the  medulla  of  bone  and 
tbo  liver ;  that  a  number  of  these  are  being  every  moment 
IraDsformed  into  red  corpuscles  ;  and  that  the  latter  are  oon- 
Kumed.  to  a  corresponding  extent  in  subKervieuce  to  the  ends 
of  the  orguiiim.     But  when  the  entire  question  was  subjected 
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to  a  more  acote  And  onbiRssed  criticism,  it  soon  appeamj  Uiaj 
this  tloctrine  is  far  from  being  basod  on  indiiputable  facte 
With  regard  to  the  spleen,  Neumann,*  one  of  oar  ablest 
writers  iu  this  departmeut,  rcccutly  failed  to  conTince  hira<< 
self  that  more  colourless  corpuscles  leave  llie  organ  hj  tin 
eplciiic  vein  than  arc  eonrejcd  to  it  by  the  Kpleiiic  arterr; 
while,  if  the  increase  is  merely  relative,  it  might  obvknuljr 
bo  referred  no  Ii>fiR  rt'ftfionably  to  a  destruction  of  red 
clea  within  the  sple<?n.  Bizozzero'aobaorvationt  thiit 
frogs,  whose*  botio-Tnarrow  ia  rich  in  hit,  have  much  fi'wci 
colourlrsTi  corpuscles  in  the  blood  than  have  somrocr>fro|^l 
with  a  marrow  composed  almost  exclusively  of  lymphoid  «41 
does  not,  in  my  opinion,  force  ns  to  conclude  that  ihe  medat 
of  bone  is  the  seat  of  a  physiological  prodnctinnof  eoloi 
blood-celU;  although  ihc  rcmai-kable  abundance  of 
cytes  in  the  veins  leaTing*  the  femnr  in  the  lat1*r  itpccfeiit 
clearly  in  favour  of  this  view.  And,  lasrly,  with  r>. 
the  hjmphatif  glanth,  the  question  has  been  raised,  :  .  ... 
extent  jntttifiably,  whether  a  considerable  proporliob  of  tbi 
lyroph-cells  leaving"  the  ^laud  by  the  v.  effert-ntia 
colourless  corpuscles  wlucfa  have  cmi^ated  from  tb>. 
stream  within  the  gland  sobstance  ?  As  to  the  ulliiilato 
origin  of  the  lymph-colls  found  in  the  lymphatics  befon?  thv 
lattor  have  passed  the  glands  we  are  equally  iu  the  dark. 
Oar  knowledge  of  the  phyaiological  eonswrnplian  of  red  hLjod* 
coTjntedfM  is  hardly  less  indefinite.  No  donbt  it  ni:i 
them  nro  constantly  being  nsed  up  in  the  ftraduelum 
and  it  is  equally  certain  thai  the  -urinary  jtiffmml  is  a  derivmi 
tivo  of  ^e  colonring  matter  of  the  blood,  and  ia  iV 
ultimately  referable  to  the  diinntegmtion  of  red  hl<i. 
pnscloR.  Further,  mnce  the  time  when  tlio  discovery  (t 
spleen  and  bone-marrow  o£  cellii  containing  ' 
had  lent  probability  to  the  liyputhe8l»  tliot  r>  ■ 
cloK  are  destroyed  in  both  these  loc-alitieii,  the  notion 
i-oceived  much  stronger  support  throug-h  tho  oWnratio&a 

*  Ntfunuum, '  Arcb.  (1.  lletlkBniIrt,'zv,]v  441- 
t  Bitozxerr\  "  SulU  fuDBioiw  enutopocUca  d«l  nlJoUo  ^Uc  i 
mtA.  M.-lumb..*  Nov,  i3ti8. 
t  NramuQ.  •  AkIi.  d.  IT«Ukand^' s,  p.  68 ;  'Bed    "       " 
tjS,  No.  ti  uul  fitltowing. 
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Quincke.*  Thia  writer  «howed  how  blooclMSorTHisclefl  »ro 
tmnsCoruied  in  tho  spleen^  hone-marrow,  and  liopatic  rnpil- 
lartes  into  iron-alhumiimtos,  which  are  in  pari  yollow  colourol 
and  in  part  colourless,  and  may  b©  detected  niicro-chcmieally 
in  grannlAT  form  or  in  isolation.  Rut  to  what  extent,  ariI 
ider  what  conditions,  this  trausfonnation  t-akcs  place  wv  have 
information  ;  nor  do  wo  know  whether  a  destruction  nf  red 
iQSclcs  takes  phicc  in  other  orgaua  ae  well,  or  in  the  cir- 
ilating  blood  itBclf.  Wliat,  tlieu,  can  bo  said  of  the  ititeT- 
tdiate  f»teps,  the  transformation  of  white  blood-cells  into 
red  ?  AVliich  of  the  culourless  corpuscles  experipnce  tho 
ntftmorphosis,  and  where,  in  which  organs,  docM  it  occur  f 
lonco  is  the  haemoglobin  derived  ?  What  becomes  of  tho 
nncici  of  the  colon rless  cells  and  what  of  thoir  grannies? 
Wo  are  met  by  a  multitude  of  questions  which  are  alill  oom- 
plotoly  unanswered.  Positivo  obgervntion  of  thu  transforma- 
tion of  a  colonrloss  hlood-coll  into  a  coloured  one  is  mainly 
confined  to  a  very  short  coromuuicution  by  Rocklinghaascn,t 
who  states  that  if  frog's  blood  be  kept  in  carefully  cleaned 
glass  vessels  from  which  the  air  is  not  excluded,  certain 
)indle-shaped  colonrless  cells  acquire  the  colour  of  Iho  red 
)i-pu6cle8  iu  from  eleven  to  Iwenty-cne  days.  Unforto- 
natuly,  this  preliminary  communication  has  not  been  followed, 
tring  tho  fifteen  years  which  have  since  elapsed,  by  a  more 
Btailed  one,  so  that  any  criticism  as  to  bow  far  the  methods 
and  results  admit  of  such  an  inference,  is  at  prenent  impOR- 
vble.  The  Ktatcments  of  other  writers  refer  chiefly  to  mnm- 
lian  blow!.  ErbJ  looks  upon  granular  coloured  ccHh  as 
sitional  forms.  He  has  found  great  numberaof  ihoso  in 
ha  blood  after  hmmorrhagCj  and  he  explains  the  entire  pro- 
by  supposing  that  the  citlourloss  cells  Arst  lose  their 
lolei  by  disintegration  and  solution,  then  take  up  heemo- 
jbEn,  and  afterwards  become  transformed  into  homogeneous 
Al.  Schmidt,^  on  tho  other  band,  lays  special  stress 
rertain  large,  protoplasmic,  nucleated  colls  wUh  redeoaraK 

*  Qaioclcff. '  FartMhrift  xam  AsdeokeD  an  Alb.  v.  Hallcr.'  Bern,  i8;;, 

^  37  r  '  P   '    "  "  "     '***l-»'  "*■•  I*-  S**-  »«^'''  P-  '93- 
t  T-  B<-- '  1.  '  Aiflti.  f-  iiiikmk.  Anutomic.'  ii,  p.  137. 

|1  Hr--,    v..  ,.  ■.  ;  :-.,,-.■,-.  ,38. 
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granuUg,  which,  he  siys,  are  tlwayn  present  in  nonn&l  man- 
maliao  blood,  and  which,  when  ouUide  the  wautHa,  npidlj 
lose  ibeir  colour,  and  are  thus  changed  into  cotottrUta  ^ranuUir 
wrpwcUn.  He  regards  these  forms  m  the  analogom  oE  the 
permanent  red  blood-cells  in  the  three  lowest  Tert«bnrt« 
cUssei,  aad  supposes  that  tbo  noo-aacleated  red  blood-diaes 
of  mammaU  are  produced  hj  the  blending  of  the  coans  r«d 
grannies  with  the  nucleus,  while  tho  remaiiider  of  the  proto- 
phiam  dissolves  and  disappears.  Uut  perhaps  tho  chief  in- 
terest of  the  whole  qnostion  ocutres  at  present  in  the  nueltaUd 
red  btoud-forpu^len.  These  were  long  ago  recogniKed  in 
embryonic  blood,  have  occosiaually  been  observed  in  the. 
blood  of  leocromic  adalts,*  and  wore  shown  by  Kenmannf 
be  always  present  in  the  red  marrow  of  hones,  though 
abandantlj  so  in  early  life.  For,  according  to  Neamaii5,J 
these  red  nncleat«d  cells  are  tran»itwnal  formt  between 
colonrless  and  tho  red  non-nnclcated  corpnftcles  ;  hence  be' 
inferred  that  new  colonrless  eelU  are  constanily  prodaoed  la^i 
the  bone>uiarrow,  that  these  penetrate  the  rery  wide  and^f 
extremely  thin-walled,  perhaps  woll-Iesa,  capillaries  of  tbf^ 
meduUsj  aud  arc  transformed  iu  their  interior  ialo  red  no 
cleaied,  aud  further  into  non-nucleated  blood-oorposclea. 

By  formuUtiug  the  hypotht'sis  in  this  way  two  things,  B' 
necessarily  connected,  havo  bueo  brought  into  conjnnfiii< 
For  granted  that  the  red  uuclfalvd  corpuscles  are  th»  ani 
cedbuts  of  the  uon-nuclaat«d  ones,  it  by  no  meana  folio 
that  the  former  liave  originated  in  a  metamorphosis  of  co 
less  colls^  or  represent  the  desired  transitional  form  b^' 
the  latter  and  the  non -nucleated  red  corpuscles.      There  are, 
indeed,  a  number  of  weiglity  facts  which  toll  in  fnToor  of 
tho   nucleated  blood-cell  being  a  derelopmcnlal    form,   as 
antecedent  stage,  of  the   nDn-uucleat«d  one.     Thus,  it  has 
long  been  known  that  the  embryonic  blood  of  mammal*  st 
first  contains  only  nucleated  red  blood-corpasclea,  the  noe* 
naoleated  rariety  appearing  subscqnontly.      Farther,  there 
is  complete  unanimity  amongst  all  observers  that,  iu  circa 

"  Klela,  'Vin.'!).  A./  itanli,  p.  190;  Baticlwr.  iiALt  xxxri,  p,  ^i 
Ebtrrtli.  ibid.,  ilui.  f.  8. 

t  X«<taiui». '  AkIi.  d.  Hdlk,'  t,  jt.  6S,  xJ.  r  '  "^-om,  *  Sol  nMeU* 
asUsoM,'NA}N>li.  JS69. 
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kioiK^es  Trhere  there  is  raaaon  to  asntirao  &n  increased  pro- 
|ncttoD  of  b1ood-corpiiBclos,  tlie  uumber  of  naoleated  red  oellit 
ihe  boueonarrow,  the  spleen,*  aod  oven  in  the  bloodt  is 
>D8iderably  nugmoQted.  Lastly,  Riadfloiscbt  states  that  ho 
directly  observed  in  the  embryo  of  the  guinea-pig  how 
le  naoleated  red  blood-cellsj  called  by  him  haimatoblasts, 
cxtrade  their  nuclei,  which  then  persist  as  colourloss  oor- 
iniMileH  having  a  small  ainoutiL  of  pmtoplosia,  while  the  cells 
Ihemsolves  develop  into  nou-uucloated  blood-corposcles,  at 
finit  bell-shaped,  later  on  acquiring  the  ordinary  diHCoidal 
1,  and  only  to  be  distinguished  from  the  fnlly  matured 
trposoles  by  their  somewhat  smaller  size.  As  yon  will 
]y  see,  this  observation  of  Rindfleiach  is  more  convinotng 
■n  all  the  other  reasons  nddnced  ;  and  it  would  therefore 
very  defliruble  that  his  statemeuts  shoald  soon  be  con- 
led  on  all  hands.  The  resalts  arrived  at  in  the  embryos 
gijtuoa-pigs  as  to  the  fate  of  the  nucleated  red  cells  mi^ht 
liniv  bo  applied  without  hesitation  to  the  samo  structures 
irriug  in  adults. 
In  support  of  the  second  point,  the  origia  of  the  nncleat^d 
red  Dolls  frotu  colourless  ones,  equally  satisfactory  evidence 
is  ossaredly  not  forthcoming.  For  the  mere  fact  that  the 
development  of  the  colourless  corpuscles  in  the  embryo  occurs 
prior  to  the  appearance  of  the  nuctoatcd  rod  ones  cannot  be 
brought  forward  in  support  of  this  theory,  since  the  fonna- 
m  of  nuchnted  red  blood-wlld  takes  place  quito  iudopen- 
itly  of  the  colourlesn  cnrpnsclcs  already  present.  Nor, 
so  far  as  I  can  judge,  has  nctnal  proof  of  the  truth  of  their 
view  beun  lirooght  forward  as  yet  by  any  of  the  writers, 
e.  g.  Rindfleisch,  who  believe  in  the  transformation  of  colour- 
leaa  blood-colls  into  red  nucleated  corpuRcIes.  It  ia  not 
Burpritting  therefore  that  the  adherents  of  the  doctrine  have 
ten.^ibly  diminished  during  the  last  few  years.  Neumann^ 
himself  soon  began  to  doubt  whether  the  nucleated  red  cells 
>ald  be  regarded  a»  "  trausilioual  forms,"  and   he   now 

niifljT^ro.  •  Med.  Ctbl."  1879.  >'o.  16. 

Ebrlicli,  Lecture  in  the  "  Oviutllschaft  Aer  Charit^t-Aente  "  in  Uerlio  of 

Jon#,  1S80;  '  fieri  Itlin.  Wnchoiuchrift,'  iSto,  Kci.  >8. 

EtlmUeiMrb,  'Arch.  F.  niikrak.  Anst.,'xrii,  pp.  i,  71. 

KcoBiuiD, '  Aicli.  f .  oiilumL  Anal..'  xii,  p.  792. 
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considers  it   more  adTiHable  to  term  them   •imply   twihr 
tmic  or  dcvtlopmimtal  forvu.     Moreover^  if  Bizoixeru*  bi 
sncoeedecli  as  he  stAtea,  in  cooviacing  hitnl^elf,  fveu  wl 
employing  modern  criteria,  of  the  correciness  of  tho  viei 
advancod  by  him  years  ago,  according  to  whicli  the  tDaltt* 
pUcatioa   of   the  red  aooleated  corpuficles    Lakes  place   liy_ 
diviBioDj  wo  most  agree  with  him  that  the  bypntfaesis  of 
transformation  of  ooloorloss   into   coloured   corpaaalea 
beoome  Buperflaons.     A  great  deal  of  further  invoflt 
is  necessary  before  wo  can   determine  tjie  conditious, 
espocially  tho  whereabouts,  of  the  now  formation  of  noclc 
cells,  and  of  the  traDsformation  of  these  into  nou-nueleat 
corpoBclcB.      It  wonld  best  harmouiBe  with  onr  ideas  of 
functions  of  our  organism  were  wo  to  seek  the  Ht-at  of 
processes,  not  in  tbe  circulatiog  blood  itself,  bul  iu  ccrtai 
organs,  in  the  first  place  in  the  bone-marrow,  and  then  porhapi 
in  the  liver  and  spleen. 

Lest  yoa  should  have  got  the  impression  from  anyll 
I  have  said  that  this  highly  important  question  has  ah 
been  established  on  a  secure  and  goncraUy  aoceptod  fonni 
tion  I  may  mention,  in  conclusion,  the  opinion  of  a  mael 
qaoted  French  writer,t  who  snpposes  tjio  antecedent  aUgt 
of  the  red  blood -corpuscles  to  consist  in  very  small,  nnstabls, 
and  periahablo  coloured  corpuscles,  fonud  sparingly  by  hns 
in  normal  blood,  but  very  abundantly  in  aniemio  ooudiliaa^ 
We  shall  again  meet  with  these  mienifytw  in  so-collod  oases- 
tial  anmmias  ;  and  I  shall  then  have  to  tell  yon  that 
majority  of  writers  look  npon  them  as  products  of  the 
intcgrstion  of  typical  rod  blood-corpuscles.      If  •"« 

very  characteristic  of  the  present  state  of  tin?  Lt 
that  it  should  be  possible  for  the  same  nppearaooM  to 
intei-preted  by  circumspect  and  distinguished  inrestigalM*' 
in  directly  opposite  senses. 

So  long  as  our  knowledge  of  the  physiological  regenetmiid 
of  the  blood  remains  in  this  unfrTltinate  slate,  yua 
expect  a  satisfactory  explanation  of  the  prEioeaacs  l.v 

■  BiiOKxno, '  Kti.  CtblV  1 88t.  p.  1  ag. 

t  lUjtiBt 'IlKtwnbsi  lur  I'liiuit.  nunn.  iit  jwIIl 
*  AiX'h.  lU  pbjiioL  uaaa.  ct  pstti.,'  1878.  ft  uctj  ,  •  >'•.: 
'Compt.  trndV  htixir,  p.  1339,  1877. 
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ibe  replacement  of  tlio  rod  blood-corpuscles  is  effected  after 
Juemorrlia^.  There  is  no  evident  rooaon  for  assaming  a 
priori  tliat  tliis  rcplacomont  occurs  otherwise  than  in  physio- 
logical rogenomtion,  and  it  is  for  this  reason  that  the  con- 
dition of  the  blood  and  of  the  blood^producing  organs  sub- 
sequent to  hiomorrhago  has  been  with  many  writers  the 
iitnrting* point  and  basis  of  their  investigations  into  the  new 
formation  of  the  blood<carpusc1es.  Yet  it  is  not  impossible 
tbot  this  circutostance  lias  directly  prejudiced  the  results  of 
the  reseai-ches  in  qaestion.  It  may  reasonably  be  asked 
vbether  the  truth  of  the  assumption  involved,  i.  e.  an  ahnoT' 
vutlly  incrr^ojieil/ornmlioii  of  red  bloud-iorpufcteii  after  bU«diiig, 
is  really  established  beyond  all  doubt.  Of  course  I  do  not 
niuau  to  ditspute  the  increase  of  the  blood  in  volume  soon  after 
the  hiemorrhaj^o  lias  ceased ;  this  would  bo  no  more  than 
Iiappeas  lu  other  Listiues  which  have  been  reduced  by  inani- 
tion, where  on  the  removal  of  the  cause  a  corroBpoudiug'  re- 
placement ensues  ;  nevertheless  this  "  accelerated  repair  " 
BOed  not  include  the  red  blood -corpuscles.  Moreover,  bow- 
ever  apposite  may  uppoar  the  remark  of  Neumann*  that,  owing 
to  the  rigidity  of  the  walls  of  the  medullary  csvities,  very 
little  blood  can  escape  during  hsomorrhage  from  the  vessels 
of  the  mednlU,  yet  the  most  to  be  inferred  therefrom  is  that 
the  conditions  on  which  the  rogunerativeactivity  of  the  modnlla 
depends  are  not  substantially  worse  after  haemorrhage  than 
under  normal  circumstances ;  it  affords  no  eridence  for  & 
ponauble  increased  production  of  coloarlesB  or  of  nucleated 
red  corpuscles,  I  need  hardly  &ay  that  it  is  not  permissible 
to  adopt  a  line  of  argamaut  like  the  following,  and  to  con- 
clade  that  tbo  organism  simply  produces  more  blood-corpuscles 
in  order  to  make  good  the  loss,  t.  e.  becauts  in  a  given  space 
of  time  a  greater  number  of  corpuscles  have  perished  than 
ahould  normally  bo  the  case.  An  afisumptiou  of  this  kind  is 
without  support  till  it  can  bo  shown  that,  owing  to  the  hiemor- 
rhage,  new  conditions  are  created,  leading  up  to  and  causing 
an  abnormally  largo  production  of  blood>corpuscle8.  Now, 
bearing  in  mind  the  extraordinary  adaptation  of  the  animal 
organism  to  ita  ends,  it  cannot  be  denied  that  the  existence 
bese  conditions  is  highly  probable ;  do  not,  however,  be 
*  NiiiMiuiiio,  *  Axel),  il.  Ileilk-.'  x.  p.  AS,  xi,  p.  I. 
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led  into  BuppMing'  that  there  is  sDy  GcieDtific  prooE  of  it 
yet.  But,  ID  my  opinion,  the  ossampiioD  that  the  prodi 
of  blood -corpuBclcH  is  abncmiBlly  increased  after  m  Ion 
blood  may  bci  dispenaod  with.  From  bis  estimationa  of  bteoio- 
f^lobin,  and  tho  micro-ohemical  reactions  of  the  spleen  and 
lircr  in  artificial  plethora,  Quincke  calculnlBs  the  mean  dnr^ 
tion  of  life  of  tho  rod  blood- corpascloa  to  bo  something  more 
than  two  to  three  weeks.  If  true,  this  involres  the 
on  the  part  of  the  organism  of  reproducinj;  pfaysiolc 
in  abont  three  weeks  the  whole  amount  of  red  blood- 
pusolea  present  in  the  vascnlar  system  at  any  time.  Thi* 
a  feat,  howorer,  which  woald  more  than  meet  the  cajie  of  ll 
severest  htemorrhage.  To  roe,  at  leaat,  a  flTadual  replace- 
TOont  of  the  lost  blood-corpasclea  without  any  call  npoa  ao 
abnormally  increased  production  appt^ars  quite  oomprshon-^ 
Bible,  if  it  be  assumed  that  the  amimmplion  of  red  blood^t 
puifcles  it  diminiafud  in  the  intercal fotUtipiny  a  lout  of  hk» 
so  long  as  any  deficiency  of  blood -corpnsclea  nonaioa. 
assumption  would  completely  harmonise  with  the  (act  tl 
tho  pcrfonnanco  of  all  those  functions  in  which  blood* 
pnsclea  are  probably  used  up  in  feebler  afier  hmtnorrliagej 
and  is  ezemplitied  more  pnrtiuatarly  by  tho  sooretion  of 
faintly  coloured  bile  and  pale  urine  by  anajmic  or  hyc 
individuals.  Of  course  I  do  not  at  all  mean  to  asatri  il 
the  restoration  of  the  blond -corpuscles  after  htemorrhage 
duo  solely  tu  a  fnllinK'-off  in  their  consnraptioD.  On 
contrary,  you  will  not,  I  hope,  understand  ray  atatemanti 
indicating  anything  but  a  desire  to  emphasize  the  iuadeqai 
of  our  information  on  the  regeneration  of  the  blood 
hceniorrhage,  as  well  as  to  poiut  to  possible  soar<!«a  of 
which  may  have  crept  into  many  of  the  refte*rch«a  dt 
with  this  topic. 

But  however  the  regeneration  of  the  blood>oorpasclv«  otayj 
be  carried  out^  with  its  completion  the  last  af  ter-«iIecLs  of  tin 
aiuomia  are  rumoved.  aud  l'Iv  a  Ium  whii.>b  dow 

exceed  the  limits  mention^    ___.-.  uo  dusturbanoc  of 
culatioa  whatever.     Not  ao  wheii  the  hmiourrhago  haa 
the»e  limits.      I  have  a1r).u'^ 
half  the  total  amouutof  biu-  . 
too  what  eilect  is  exerted  on 
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drawal  from  the  vnscolar  syRtom  of  more  than  quarter,  and 
leu  thnn  half,  thn  contained  blood.  Aftor  atich  a  lo!ui  the 
arterial  preesuro  does  not  rcoscend  lint  continnen  low,  and 
that  in  prnportinn  na  tho  anromia  approaches  the  fotal  limit. 
A  lasting-  fall  uf  arterial  prsRiinrc  mnat  evidently  he  acpom- 
panied  by  slowing  of  the  blood-Ktrenni,  so  thnt,  e.  g.  if  the 
blood-letting  bo  continacd,  the  time  necessary  to  obtain  a 
certain  (quantity  from  the  artery  gradnally  increases.  As  re- 
gards the  cardiac  poise-rate,  the  imperfect  filling' of  the  ven- 
tricle is  jM^  «f  a  cause  of  retardation  ;  but  commonly  the  cir- 
comstance  that  the  vagus  centre  is  more  feebly  excited  by 
the  lowered  arterial  preesare  tells  in  an  opposite  direction, 
and  the  poise  is  wont  to  be  eren  accelerated.  The  lessoning 
cf  the  diHtance  between  the  sammit  and  hollow  of  the  wave 
in  tlie  arterial  curve  is  alno  very  striking  ;  in  other  words^ 
tho  single  pulRaLiunH  nre  much  ttniallor  than  bofore  tho  liaDmor- 
rhage,  in  correspond ence  with  the  reduction  in  the  total  quan- 
tity of  blood,  and  the  aesocinted  imperfect  filling  of  the  heart 
dnriog  diastole. 

But  although  tho  lowering  of  pressure  and  slowing  of  (he 
blood-8tTt>am  which  follow  a  Ions  of  blood  of  from  2\  to  3  per 
cent,  tho  body-weight  continao  pretty  long  unaltered,  tho 
enntlilutifin  and  quality  of  tho  blood  nndorgo  some  remark- 
able changes.  So  soon,  namoly,  as  the  blood-pressure  has 
fallon  to  a  low  level — and  Vftlacs  of  from  40  tfl  50  mm. 
mercury  are  not  uncommon  in  the  carotid  of  a  strong  dog 
from  whom  a  good  third  of  the  total  blood  has  been  taken— 
the  osmosis  through  the  walls  of  the  capillttries  is  reversed, 
nod  for  the  transudation  in  an  outward  direct-ion  there  is 
sobstituted  a  diffusion  and  resorption  from  icifhouf.  inwards. 
At  the  same  time  the  lymph-stream  flows  at  an  increased  rate 
from  the  ductus  thoracicus  into  the  empty  vena  subclavia. 
Bat  even  in  the  Eibscnce  of  the  latt«r  factor  tho  blood  woold 
beoono  mure  watery  after  such  a  hromorrbage.  Lesaer*  has 
shown  directly  that  when  the  daotas  thoracicus  is  ligatured 
in  binod-lott.ing  the  water  cootained  in  the  serum  steadily 
inrmue*.  The  iucroaso  can  therefore  depend  only  on  a  re- 
oorptimi  uf  the  fluids  of  the  parenchyma.  But  the  red  blood- 
bpIcs,  and  tht-rcwith  the  col  our*  intensity  of  the  blood, 
Mwr. '  B<r.  iL  Leipe.  Gci.  Usth -iVi.  Kl..'  1874.  7.  i&^ 
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decrease  to  a  relatively  greater  extent  than  the  watery  eofi- 
tents  of  the  serum  increase;  sppttrv-ntly  becaustc   the  s[ 
fically  heavier  red  blood-corpuaclcs  escape  from  the  openc 
artery  in  larger  numbera  thau  would  correspond  to  their 
portions  in  the  circulating  blood.     This  dilation  uF  the  bit 
by  reuorption  of  the  fluids  wUI  terminate  only  when  a  sXMi 
of  equilibrium  between  the  pressure  in  the  capillaries  and  tl 
pressure  of  the  surrounding  fluid»  its  re<efttabliHhed.      But 
arterial  pressure  is  then  still  far  fntm  having  rocovered 
former  elevation  ;  for  this  it  is  necee<sary  to  rei*nrl  to 
different  measures,  of  which  the  most  certain  and  efltcctivB  i^ 
the  fruns/unon  of  blood  from  an  aniTOol  of  Ihr  *tHnp  «y<vi«r. 

The  inoompnrablo  superiority  of  trnnsfasion,  as  corapared 
with  nil  other  remedies  employed  in  hEemnrrhngo,  may 
briefly  defined  to  consisi  in  the  TcMoratutn  6y  its  -■-—■■ 
body  of  thr.  lott  material  in  the  nuvil  direct  anA  pi 
For  the  blood  transferred  to  the  doploted  vascnlar  .Nynte^m,  if 
it  retains  its  vital  properties,  at  onco  become*  an  intcgnl 
part  of  the  now  organiimi.  Henc^?  It  is  best  to  tato  it  fresli 
from  one  of  the  veins  of  an  individnal  of  the  same  fcpo«ii 
All  the  transfused  blood-corposclfH  continue  perfectly  intact 
and  participate,  juet  as  do  thone  aln^ady  prefient,  in 
rcfipiratory  exchange  of  gAses ;  and  simiturly  tho  trausfuwj 
liquor  sangiiinis  is  employed  in  lyinph^productiimaml  tram 
dntion.  It  is  quite  immaterial  whether  ordiunrj-  or  defibrii 
ated  blood  be  introduced;  for  a  seriouH  imf)o%'(-rifhnient 
colourless  corjiugclcs  can  hardly  cvit  arise  in  hiumiirrh 
Of  courso  in  defibriuatiug  we  must  employ  a  method  by  wl 
as  Utile  flbrin- ferment  aa  possible  is  set  free ;  we  must  oeve 
make  use  of  blood  exjSrosscd  from  a  clot,  but  only  nf 
taken  from  a  vein  and  whipped  or  agitated  in  the  uvnal 
by  which  nienn<;  blood  nf  very  slight  fermentative  energy  t^ 
obtained.  Much  more  important  than  ih>'  ■'  '  ' 
ordinary  and  defibrinated  blood  is  the  empl 
taken  from  an  animal  of  the  samf  jpp«(W.      For  then  onljrj 

tho   tranfosed  blood  live  and  perf  rr-.   '•-  ' ' 

foreign  vascular  system;  whiU^  bloi  < 
ia  not  merely  nscless,  bnt  may  rrm  /ir 
the  Teripient.     That  the  traiiRfer  of 
Iamb  to  a  fox,  or  from  n  sheep  !■ 
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rterminDd  more  than  two  centuries  ago  bjr  very  good  obser- 
ira.*  NevertheleBS,  a  therapeaCic  mystiGcatiou  of  recout 
Ban,  not  very  flattering  to  xoedicat  science,  was  neoded  to 
bring  tbo  interesting  question  of  tko  relationB  and  action  of 
>roign  blood  in  the  rssculsr  system  to  the  test  of  oxjieri- 
?Qt.t  It  was  then  found  tbst  the  injection  of  oompara- 
roly  Email  amounts — as  a  rule,  not  moro  tban  20  per  cent. 
ohgioal  blood-quantam — led  to  tbe  animal's  di^ath,  which 
snerally  took  placo  as  early  as  tbe  first  or  second  day. 
Mort  of  these  cxpcrimonts  bave  been  carried  out  fay  intro- 
leing  Iamb's  blood  into  dogs ;  and  it  is  to  this  combination 
It  tbe  abovo-montionod  figures  apply.  But  even  the  doga 
Itch  survived  the  injection  of  lamb's  bloody  owing  to  the 
)ttnt  introduced  being  less  tban  ip  per  cent,  their  blood- 
itnta,  showed  symptoms  of  serorc  illness  daring  the  day» 
jEDediately  following  tbo  operation.  Ilffimatemesis  and 
rbcea,  dyspnfpa,  loss  of  appetite,  and  great  feebleness  were 
in  all  caso!!  where  the  amount  trausfased  was  not  alto- 
ftthor  too  small ;  and  one  very  remarkable  sequela  in  par- 
:ular  was  never  absent,  namely,  tbo  Icndencif  to  hxmorrhagc. 
lis  tendency  manifesLed  ittjolf  bulb  by  actual  ej;travasaiionii 
Bomo  of  the  organs  and  serous  uavities,  us  well  aa  by 
berii  hlovdy  tlaining,  that  is,  by  admixture  of  the  blood-pig- 
if  iixnw^lobin,  with  tbe  transudations,  t^.g,  tbe  aqueous 
lour,  and  the  urine.  As  regards  tbo  hBemoglobinnna 
^ontick  has  brought  fornard  proof  uf  its  invariable  occur- 
rcuco  on  the  introduction  of  moro  than  1  percent. of  foreign 
blood  into  the  vascular  system  of  a  dog.  I'he  dangerous 
of  blood  of  another  species  on  the  circulation  and 
idition  of  tbe  animal  are  undoubtedly  attributable  in  part 
to  the  fact  that  the  blood-gerum  0/  one  speojes  i$  a  poison  for 
hlood-eorpuifeles  of  anolfier.     This  remarkablo  fact  was 


*  Qootation*  by  ScJimI,  '  Di«  Tnutfii>ion  dt*  Blittu  u.  d.  EinNpritwn  d. 
iti«ii  In  die  A3era,'  continued  bjr  DicfTenbacfa,  Bertln,  1828, 
Fr^vmt  nnd    Uninv,  'Ann.  d.  cliim.,*   1S31.  zviii,  p.  394:  Futom, 
A-.'  xxvii,  pp'   240,  4J3,  Iziii,  p.  i,  Uvi,  p.  i6;  Broim.8jquard, 
I.  r«K(L.*  1851.  1^55,1^57;  '  Jouni.d.  ph^i./irp  95^  Lwidoii.  *  H«d. 
JiSvi,  Nwi.  ffi.  57;  •  Dim  Tranifuiivii  d.  Blut«,'  1875;  Poofick, 
rlttta.  Wochunachr.,'  1S74.  No.  t8;  'Vircb.  A.,*  ktitp.  J73}  Wotbl 
'  IHasfuian  0.  Plotliors,'  1875. 
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firEt  detormined  bj  Pr^rost  and  Dainas,  and  hnn  rMmlly 
boon  more  accurotoly  du&ned  by  Lundois  to  oonttiat  ia  the 
direct  Milutum  t){  iho  blood -corpuscles  of  soraeBpecwi  hy  thai 
sorom,  as  welt  as  by  the  lympli  and  tra.D&ui]aiioii8  oi  oUiei«.*'J 
It  itt  not  that  the  mixtare  of  the  blood  of  two  specios  Ui 
followed  hy  the  solution  of  alt  the  eorpue^lea  of  aacb,  buU 
that  the  different  species  have  oorpasolos  of  wieqval  rontliH0l 
power  ;  the  blood-oorpasclea  of  the  rabbit  are  di88olvt-*d  lu  ihb 
blood  or  serum  of  tbo  dog,  bat  tbo  corpuscles  of  the  dii^ 
resist  the  action  of  rabbit's  blood.     In  a  solation  of  bloodoj 
corpDScloa,  whether  of  the  transfosed  eorpnsclei  or  <->f 
beloDgic^  to  the  animal,  tbo  htcmoglobiuuria  and  8t«i 
some  of  the  transudations  with  blood -pigment  DnduDbrtccUf 
originate.     Yet  the  various  other  severe  symptoms  mn  do4 
80  easUy  accounted  for.      With  respect  to  the  hafuiorrbagH, 
I  may  remind  yon  of  what  1  recently  stated  (p.  396)  of  a 
possible  couuectiou  between  them  and  the  dearth  of  func- 
tional red  blood-corpusoles  ;  but  it  is  also  possible  that  the/rte 
hmntoglobinf  or  the  foreign  bloody  may  exert  a  directly  destnio- 
tive  inflaeiico  on  the  resscl  walls.     Here  too,  as  in  »■ 
other  caseSf  it  is  not  known  whethor  the  blooding  ocn 
dtapedesin  or  per  rh«xm.     Whether  the  foreign  blo**d  impairs 
the  function  and  condition  of  thn  individual  organs,  and 
so  bow  fnr,  also  requires  Further  inrestigation.      In  partio-j 
nlar,  the  suggestion  thrown  out  by  the  Dorpat  School  tbi 
fibrin  is  set  free  by  the  injertion  of  blood  of  anotlivr  ipooM^ 
duerres  the  fullest  consideration,  although  in  my  «xperMticai 
eitensive  coagulation  is  not  a  usual  result  of  tbisoperatioo. 
Tliis  being  the  state  of  affairs,  it  would  appear  not  mcrolj' 
useleB»>  but  absolutely  repreUen&ihle,  to  employ  any  blood 
bat  that  of  the  same  species,  where  an  indication  for  fcrant-l 
fusion  oxista.     Among  theae  indications  anasmia   brou^(' 
on  by  loss  of   blood  ranks  first,  for  reasons  already  statvd. 
In  the  sooond  place,  tranafujiion  seems  to  be  indii»tcd  wIim  1 
the  object  ia  to  replace  blood  which  through  any  erv 
become  fuuctioually  incapable  by  btond  nlii.-li  l^  norn..^-  _ 
fnnctioBally  capable.      Clearly  tbo  laiur  uia  uLfaiolj 

except  where  the  cause  of  the  ruiu  r 
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the  blood  has  been  romovedj  or  is  cBpable  of  removal,  as  a.  fj. 
in  carhooic  oxido  poisoning.  I  cannot  look  upon  it  as  rationAt 
to  roplacti  (or,  an  it  is  technically  expressed,  suhitiittte)  the 
blood  of  a  diabetio,  lencromic,  pjiomic,  or  eren  tuherctileu)) 
person  by  foreign  blood  from  a  healthy  individoal.  But 
where  the  substitution  is  really  indicated,  the  truosfusiou  of 
healthy  munt  of  course  be  proceded  by  the  removal  of  the 
»Iess  blood  ;  and  saccess  is  assuredly  more  rapid  and  per- 
uieut  in  proportion  to  the  amount  exchanged.  The  extent 
which  this  may  be  carried  you  can  estimate  from  the  duo* 
ia  of  Panum,*  wbo  replaced  almost  the  entire  blood- 
loutum  uf  a  dug  by  blood  obtained  from  another,  vrithout 
my  di&turbauuo  iu  the  condition  or  fonctions  of  the  animal. 
There  are  many  wayti  <tf  introducing'  the  now  blood  into 
the  VBKcalnr  nyBtem.t  The  niioplest  appears  to  bo  direct 
.eouduciiou  from  an  artery  of  the  donor  into  a  vein  of  the 
ipient.  XoTortheleas  this  procedure,  which  in  the  human 
ibjeot  id  clearly  for  various  reasons  a  donbtfnl  one,  cannot 
in  my  opinion  bo  recommended  even  for  animals.  Kor  to  say 
HhiDg  of  the  abHolote  impossibility  of  determining  during 
operation  the  amount  of  blood  transfused,  the  method  is 
tended  by  an  unavoidable  evil  iu  that  the  new  blood  Hows 
ler  Kiijh  arterial  prtntntrt  into  the  veins  and  right  heart  of 
le  recipient — an  occurrence  which  may  occasionally  be  fol- 
red  by  the  niobt  serious  consequences  to  the  Iicnrt,  more 
lly  iu  highly  amcmic  individuals  and  in  oasee  of  poison- 
This  too  is  my  ruiison  for  warning  you  againt^t.  the  cm- 
Liymeui  of  a  Kyriuge  in  iujoetiug  the  blood  into  a  vein;  at 
By  rate  ic  ih  Bafor  to  allow  the  bloody  which  of  course  has 
jvioasly  been  whipped,  nitored,  and  warmed,  to  run  from 
funnel  through  a  caunula  of  glass.  Yei  if  I  may  venture 
form  an  opinion  from  my  experience  with  nniuials,  even 
method  cannot  be  regarded  as  altogether  innocent  or 
;  not  only  because  it  is  sometimes  Tnund  imposftible, 
■pita  the  greatest,  care,  to  prevent  the  entrance  of  air- 
ibbles  or  of  small  clots  formed  subsequently  to  filtration, 

I   -11. '  Vitolt.  A.,'  xxTii,  pp.  J40,  4,y, 
■  .    f.  lienor,  'Di«  chintrf;i«-lien  Ililfsletetuiig«u  be!  dnagender 
wdfthr.'  L*ii*i([.  I  SSo.  p.  49 ;  *  VDlkinamrMlw  Vortr..*  No.  86 ;  Jtlrg- 
CiffiBBHin'*  '  HUb.  A-  ttX\^.  rLimpt«,'  i,  3,  p.  240. 


442 


PLETHORA  AST)   AKXMTA. 


bot  because,  as  I  have  repeatedl/  observed,  the  enlrmnoe  of] 
an  abundout  blood-stream  uudor  a  pressure  of  not  moro  tban 
lo  to  12  uim.^  inercurj  exort«  upon  tLc  anteniic  and  enfeebled 
hearl  a  paralysing  ratlier  than  a  vitalising'  inflaonce.      AU] 
sucb  dangers  may  be  avoided  with  tbo  greatest  cortaioty  by 
introducing  the  new  blood  Into  tlm  uWeriejr  instead  of  thv 
veins.     True,  one  ahonld  not  under  any  ctrcuuistanooa  ven*; 
lure  to  inject  into  the  peripheral  end  of  the  divided  artery; 
for  the  peripheral  ramificationfl  contract  ngaiiirit  the  foreign 
blood  with  so  mnoh  energy  that  powerful  efforts  are  called 
for  to  overcome  the  resistance,  and  it  is  rare  to  ewapp  with- 
out  bursting   the    vessels.      Not  so  when   the   ccDlnkl  end 
is   chosen,  and  the  injection   carried  out  by  meaaa  of  % 
syringe,  under  a  pressar©  barely  snfficiont  to  overcmno  tiu 
arterial  pressure  prevailing  at  the  spot.     The  blood  at  once 
mingles  with  that  contained  in  the  central  portion  of  tliel 
arteryj  Bows  withont  any  resistance  throagb  the  Intural  braeeh 
next  above  into  tbe  arterial  and  capillary  ramifications,  and 
tbeoce  under  perfectly  normal  renons  pressure  to  the  hoart.{ 
According  lo  my  experience,  which  it  is  true  extends  only  to 
aninialH,  1  can  pronounce  central  arierial  trans/unon  to  bo 
the  least  dangerous,  and  at  the  same  time  a  parfoctl/  oflec- 
tual  procedure.      At  all  events  I  fail  to  perceive  aay^  spnnal 
advance,  as  compared  with  direct  injection  into  tbo  vaacnlar 
system,  in  the  method  of  indirect  trans/utum  from  theperito' 
Ileum,  which  has  recently  been  reGomniendcd,  morn  espcci* 
ally  by  PonHck.*      It  is  trne  tbat,  as  I   mentioned  lately' 
(p.  406),  a  considerable  quantity  of  blciod  can  bo  absorbed 
by  the  poritononm,  and  in  a  comparatively  sbort  intennd. 
Yet  a  good  deal  more  time  ts  always  consnmed  than  in  nooded 
for  direct  injection  ;  and  this  alone  is  reanon  safitcicnt  for 
dispensing  with  peritoneal  transfusion  in  those  cases  in  which 
tho  direct  method  has  achieved  its  gri?atesl  trinmpbs,  nauialyj 
in  annmias  where  the  danger  is  immediato:  at  most  in  tbo 
slighter  degrees  of  auseuita  can  it  rival  tho  direct  method. 
But  in  mau,  tho  operation  of  introducing  a  caonula  into  tb& 
peritoneal  cavity  is  certainly  no  easier  Ibau  in  the  Cndiag  oTj 
a  superficial  rein  or  artery  ;  and  it  is  decidedly  moro  danger* 

•  Paaficlr,*BiHL  iireti  Zritacfcr.,'  18;^  Ma.  ifi  '         'C.. 

*  ftuli  «dla  fisio|MtoU>p»  d«l  tnign*  «  dpi  TMi  mni 
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ons.  For  to  say  ootfaing  of  other  nmbapSj  perfect  disinfec- 
tion of  the  blood  to  be  iotrodoced  ia  quite  impossible ;  and  it  is 
obvious  that  much  greater  risk  attends  Ibe  iotrodaotion  of 
impuritiL's  into  the  abdomioal  cavil}'  than  into  the  vascular 
system.  In  fact  I  know  alreadv  lyf  several  cases  where  a 
fatal  peritonitis  set  in  after  peritoneal  transfnsiuDj  althoogh 
performed  by  some  of  the  best  and  most  painstaking  operators. 
And  should  it  be  objected  that  the  operation  has  in  a  large 
nnmbcr  of  cases  been  attended  with  good  results,  it  would 
not  be  tho  first  occasion  in  the  history  of  transfusion  on  which 
proof  has  boon  afforded  of  how  much  a  human  being  can 
cDdnro  ;  and  again  oonaider  for  a  moment  in  what  consists 
the  claim  of  a  transfusion  to  "  good  results."  Actually  de- 
mouslrative  of  the  remedial  effect  of  transfusion  are,  it  la 
evident,  only  those  caves  in  which  the  patient  has  survived  a 
loss  of  blood  which,  but  for  the  operatioiif  would  have  proved 
fatal ;  a  loss,  that  is,  of  about  half  the  blood-quantum.  In 
all  anromiaa  of  slighter  degree,  the  fact  that  the  patient  may 
■pODtanoously  recover  leaves  it  more  or  less  to  the  subjective 
Lion  of  tho  physician  whether  or  not  ho  will  credit 
10  tmnsfosion  with  an  important  share  in  the  result ;  in  tuak- 
ig  which  statement  I  tako  no  account  of  those  instances  where 
trnnafosion*  has  been  carried  out  to  meet  perfectly  irrational 

^B    In  order  that  the  bad  effects  of  a  severe  hemorrhage  may 
^Ae  fully  neutralised  by  a  direct  transfusion  of  uew  bloody  it 
^Bs  clearly  necessary  to  introduce  a  quantity  equal,  or  nearly 
^FBqual,  to  tho  loss.     On  doing  so,  it  is  indeed  one  of  tho  most 
pleasing  spectacles  to  observe  how  rapidly  and  perfectly  the 
recovery  of  an  animal,  which  had  been  reduced  by  severe 
l^bBemorrhage  to  a  condition  of  extreme  anaemia,  ensues.      ITie 
^Kidividual  pulsations  very  sooq  beuomo  larger,  while  the 
I^Hrtcriftl  prossure  rises   in  exact  proportion  to  the  amount  of 
blood  introduced,  till  it  hati  reached  about  tho  normal  value. 
If  tho  dog  bo  now  removed  from  tho  operatiou-tablo  be  be- 
gins at  onco  as  a  rule  to  run  about,  brii>k  aud  stroDg — the 
Id  dog,  which  beforo  waa  too  weak  to  lift  his  leg  a  Utile. 
\nd  the  recovery  is,  oa  has  more  than  once  been  Btated^  a 
inetU  one.     Mow  it  is  easier  to  make  than  to  moat  the 
CL  D.  y.  V.  Kacaorowiki,  *  D.  med.  Wocbenictur./  iSSo,  Ko.  4O. 
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demaud  thftt  as  mnoh  blood  &&  has  boen  lost  ehaW  be  intrrt- 
daoed  into  a  patient  after  a  dsngerouH  hfemorrhage  ;  for 
where  is  three  or  four  pouDtIs  of  Cresii,  whipped,  hainao  blood 
to  be  obtained?  We  must  usually  be  siitiiiBed  with  IMji, 
and  though  we  certainly  improve  the  flitaatioo  of  the  aniemio 
individoal,  wcc&nuot  at  once  restore  him  to  the  state  be  «rM 
in  before  the  occarronco  of  the  hajmorrhage.  Wn  gitnalion 
is  improved,  not  mcivly  because  the  severity  of  the  umemis 
has  beou  roducedj  but  also  because  its  duration  is  abortoiied 
by  b'ghtoning  the  task  of  the  blood-producing  orgauii ;  H  is 
BH  thouf^h  n  proportionately  smallor  loss  bod  ooourred  instead 
of  the  larger  one. 

In  transfusion  of  blood  from  an  animal  of  the  aama  spociea 
wo  accordingly  posACss  an  ideal  remedy  for  atiiDmin,  a  remedy 
nuccinallod  by  any  other.  Nay  more,  we  may  say  that,  except 
transfusion,  no  other  direct  rcuicdy  exists.  AMiero  traa»> 
fusion  is  rot  called  upon  to  aid^  the  normal  blood-^^uanfcum 
can  only  bo  restored  by  the  regenemtive  activity  of  the 
organism  ;  in  which  case  the  effort"*  of  tho  physician  must  be 
restricted  to  6«curicg  tho  most  favorable  conditions  powtblo 
for  this  regeneration.  Now  our  knowledgo  of  thoue  oon- 
ditione,  as  you  will  readily  believe^  is  far  too  imperfect  to 
allow  of  our  making  it  the  basis  of  any  special  remedial 
measures  ;  but  however  this  may  be,  at  all  eveuta  one  thing 
is  neceesary — that  the  individual  should  remain  alive.  'l*Uo 
essential  danger  arising  out  of  a  serere  loss  of  blood  consists 
in  the  Fall  of  tho  blood-prcsturo  tn  suoh  au  extent  thai  life 
cannot  be  sustained  even  for  a  short  time.  For  this  roaaon 
every  means  by  which  the  blood- pressure  oau  bo  nus«d  tn 
very  anmmio  individaals  mn»t  bo  heartily  wclcomp.  Such 
a  means,  and  a  very  simple  one  moreover,  is  iht.*  traniifnsion 
of  a  vMik  sotuiion  of  fommon  aait.  Tho  conocatralion  to  be 
chosen  is  that  which  is  as  far  as  possible  indiffi-r'  -  ^  ^  die 
blood>corpnsclcs  of  the  spociea  in  questii^n  ;  in  iL.  is 

6  per  tooo,  and  tho  solution  may  bo  rendorod  atkaliue  by  [he 
addition  of  caustic  soda,  '05  tou  liiici  of  fluid.*     Tli  -if 

tho  experiment  is  usually  motfb  convincing.      Afiei-  _  re- 

duced the  blood-pressure  of  a  strong  dog  t'>  half  or  atea  a 
third  tho  normal  by  copious  hlood-luttingt  you  ui'  '      <      nuitity 
*  KroDidur  u.  Suiiter,  ■  Ilorliti.  bUti.  WDotivfuulic.,'      ; ,  -| 
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of  wnrmed  sali-solutioa  oqual  to  the  blood  witlidrawn  frum  tbo 

Knimal  to  run  into  a  vein  ;  whoronpon  yoa  will  notice  tho  pal- 

satiooe  icnniDdiaColy  becomin)^  lar^^er,  and  tho  arterial  prestiuro 

BBoendinf^  to  its  ori^nal  level,  where,  as  I  hivro  repeatedly 

coDviaced  myself,  it  remains  unaltered  for  half  an  hour  or 

more.      How  soon  it  ag-ain  falls  I  am  unable  to  inform  you  ; 

bot  at  loQst  timo  iit  gained,  and  an  opportunity  affordod  to 

^Mho    repotierative    proccasos    of    asserting    their    infinenoc. 

^B^ossibly  the  high  arterial  tenstou  is  iu  itself  directly  advan- 

Hl*gaoo«  to  the  latter-     Kronecker  and  Sander,  in  a  com* 

^■nnnication,*  the  aphoristic  character  of  which  bsR  not,  it  is 

^Miue^AS  yet  been  amplified,  report  that  they  have  deHuitively 

^laved  dogs  from  inevitable  death  by  iujectiog  the  alkaUne 

Rotution  of  common  isalt;  novertlioloiia  wo  must  wait  in  order 

to  BOO  iu  bow  far  this  tormiuatiou  can  be  regarded  us  the 

rule,     ifoanwhilej  in  man  at  least  I  should  not  venture  Lu 

reckon   on   it  with   confidence.     Iu  cu£e8  whore,  owing  to 

^^mmediate  danger  to  life,  I  had  for  want  of  healthy  human 

^Hblood  made  a  tranfnsiun  u(  salt  solution^  I  should  conaidor 

^Rt  advisable  to  follow  this  up  as  buou  as  puasible  by  a  trans- 

"ftiaion  of  blood. 

At  all  events,  if  the  latter  course  be  not  adopted,  we  can- 
not properly  speak  any  longer  of  simple  anaemia  ;  for  the 
ilnid  now  circulating  in  the  reaaels  is  not  normal  blood.      A 
far  amaller  quantity  of  blood-corpnsclos  is  apportioned  to 
each  unit  of  blood,  and  the  chemical  composition  of   tho 
^^lasma  is  essentially  altered  ;  the  saline  matters  and  extrac- 
tives moy  not  greatly  deviate  from  the  normal,  but  the  albu- 
minous contents  are  certainly  diminished ;  in  a  word,  such 
an  indivUlual  i«  not  ansunic  btU  hydremic.     The  same  thing 
applies,  if  possible,  with  still  greater  force  to  those  extreme 
aniemias  which  are  tho  result,  not  of  one  revere  hseviorrhugc^ 
but  of  imalhr  ofien'Tejieattd  Ioiukh  of  blood.     I  have  already 
I     dwelt  on  tho  fact  that  blooding  which  does  not  lastingly 
^KitlnODce  the  arterial  prcseuro  is  invariably  followed  by  a 
^^(eriod,  thoagh  of  short    duration,  in   which   the   composi- 
tion of  tho  blood  is  altered  at  tho  expense  of  the  blooj- 
corpnsclca  and  of  tho  dissolved  albumen.      Should  a  frei^h 
bleeding  occur  during  this  period,  before  tho  regeneration  is 
*  KioQwlwt  u.  Suiiler,  I.e. 
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complete,  the  compoBition  of  the  blood  most  o£  necessity  be 
farther  impured,  Bnd  kydrsemia  will  here  be  stilt  sooner  deve- 
loped, t.  e.  before  sdch  a  quantity  is  lost  by  the  repeated  bleed- 
ings as  would  be  necessary  for  the  rapid  development  of  a 
hydrsemia  of  eqnal  severity.  Still  less  would  it  be  legitimate 
to  plEM^  amongst  the  quantitative  alterations— the  anaemias 
in  specie — those  changes  in  the  composition  of  the  blood 
which  result  from  defective  nutrition,  or  from  abnormal  loss 
of  the  juices,  as  in  profuse  suppuration  and  albuminnria,  or 
from  the  appropriation  of  certain  constituents  of  the  blood 
in  the  production  of  large  tumours.  For  though  the  blood' 
quantum  may  in  these  cases  be  reduced,  at  all  even^  the 
•composition  of  the  blood  invariably  shows  an  essential  de- 
parture from  the  normal,  and  the  latter  is  then  to  be  taken 
AS  the  criterion. 


CHAPTE! 
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tfmrtanee  of  the  canalittUion  of  tha  hlood  far  the  dreulation. 
— ffydrxmie  jtletkora,  untl  aiviple  ht/drafmia  or  Aj/palbu- 
fntno*i'a.— OoiB&in«ito»  of  both. — Causes  of  Kydrmmin, 

Older  theory  of  kydnnmir.  dwp^. — Objectiotit  to  it. — 
Si^Krimenis. — Effect  of  hydramic  plethora  on  bhod-prex- 
»ure  and  velocity,  on  stfrnlimiJ*,  and  on  the  lymph-it rftim, 
— Loealhation  of  dropty. — Action  of  itlmpte.  hydremia  on 
the  dreulation  and  tran$udaiion. — Inferfinfes  wilh  respect 
to  hydrmmic  ctdetnaa. — JSxphtnation  of  these. — JU.inm£. 

Conrenlration  of  the  hlootl  and  its  effect  on  the  circtt- 
lation. 


In  discassing  now  the  influence  which  qaaHtative  changes 
the  blood  exert  ou  the  circulation,  only  those  alterations 
composition  that  are  of  ituportance  to  the  flow  it«etf  can 
'properly  be  oE  interest  to  us.  Whether  an  abnormal  consti- 
tuent of  the  blood  ia  injurious  to  the  nervous  system,  or 
affects  tho  function  of  tho  kidueys,  or  uf  any  olbor  organ, 
is  at  present  a  very  secondary  matter;  and  wo  accordingly 
ask  simply  whether  the  heart  and  vessels,  the  circulation,  or 
the  transudation  ia  influouced  by  tho  particular  chauge  in  tho 
quality  of  tbe  blood.  If  those  coutinuo  normal  the  altera- 
tion in  the  hlood  has  no  significance  for  the  circulation,  and 
is  nut  included  in  the  task  we  have  set  before  as  tonjay. 
But  in  thus  limiting  our  inquiry  we  have  at  the  same  time 
indicated  the  points  which  must  be  kept  in  view  daring  its 
^roAecntion.  Normal  blood  is  a  watery  solution  of  certain 
ibstanoos,  having  a  definite  concentration,  and  holding  sus- 
in  it  the  corpuscular  elements,  red  and  colourless 
^es.     The  normal  degree  of  concentration,  in 
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conjunction  vith  the  saspended  oorpoBcles^  Bccures  praoisoljl 
tlint  nmonnt  of  internal  fricticnat  resistance,  obicfly  ii 
ca|iiltnries,  which  may  bo  looked  on  as  fonction&l  to 
tuinin^  n  rognlar  circalation.      This  frictional  resistance  ms 
uegiocted  whon  wo  wcro  dealing  with  tho  factors  caasingOie 
difference  of  prcaaure  between  the  urterial  and  venoaa  ■;»• 
toms,  bccnnse  it  is  always  a  constant  ▼aluo  ao  long  u  the 
constitution  of  tho  blood  is  normal.     It  is  possible, TiowcTcr, 
that  it  may  not  remain  so  when  tho  blood  bocomos  abDomU 
ID  compositionj  and  we  shall  therefore  have  to  coiuidar 
the  fiTSt  place, — how  an  altfratioa  ttf  the  frictional  rtMxtti 
in  thf.  rttpiijariesj  dependent  on  a  change  in  the  quality  oSj 
tho  blood,  mnst  affect  the  circalation.     In  the  second  pli 
the  fraufiuilation  through  the  veaael-walls  must  neceasarityl 
bo  iuflucnced  by  an  alteration  in  the  composition  of  tliefalood,j 
sinco  tho  processes  of  filtration  and  diffnsion  givo  differtml 
results  when  the  liqaid  on  the  Blttir,  or  on  one  aide  of  t^l 
membrane,  is  altered.      Possible  cbangee  in  the  Kqvor  san- 
guinis have,  therefore,  to  be  considered;  while  alteratioiu 
AJTecting  the  noinber  or  oonstiltitioD  of  tho  blood'Corpa- 
cles  arc  of  importance  only  for  the  exchange  of  gAMw,  to 
be  discussed  in  another  place.      Thirdly,  sinoe  it  is  the 
blood  that  noariohes  the  heart  and  Teasels,  and  raaintuns 
their  normal  functional  power,  wc  shall  hare  to  disoaHs  bow 
far  the  eonatilulicm  and  function  of  the  htart  and  vr<»$^U  un 
influenced  by  changes  in  the  composition  of  the  blood.     Ndwj 
yon  will  hardly  expect  me  to  give  yon  in  this  connectioii  wt  ex'- 
tract  from  tho  toxicology  of  cardiac  snd  vasoiilar  poiaoss,! 
cially  as  we  have  already  dealt  with  the  (juestion  of  paralyais 
of  the  heart  and  vesselsj  on  which  tho  bulk  of  each 
depends.     It  appears  to  me  better  to  restrict  outsuItcs 
those  alterations  in  the  composition  nr  the  blood  whieli  t 
observed  as  natnral,  though  at  the  same  time  patbologieslij 
events.     Fourthly  and  lastly,  the  red  and  coloarlens  onrpoS'j 
ctcs  arc  themKelrea  dependent  on  the  normal  plasma  as  beir 
tho  medium  in  which  they  may  best  preserve  their  ialogrHyi 
and  it  will  therefore  bo  a  qntation  whether  tho  bfood^orpMS- 
rhs  are  iufinoncod  and  injured  by  an  Abnormally  onr 
plssma,  and  if  so,  to  what  extent. 

Those  being  tho  rarioas  stauOpniataf  from  which  « 
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88  the  eScctn  of  qnalitatire  changes  of  the  blood  on  Uio 
rcolation,  there  reanlts  h  further,  and  in  my  opimon,  por- 
tly natarfti,  classilicalioii  of  tliu  pussitle  alterat)OD»  into 
I,  those  inv-olving  the  li^tior  gQ»^ii»ij,  and  3,  those  affecting 
the  hlood'Corftt^cU".     If  the  regularity  of  the  circulal  ion  and 
(rsasadatioHj  i£  the  integrity  of  the  heart,  tbe  vossols,  and 
the  blood -corpuscles  are  dependent  ou  a  certain  albaminoas 
contents — a  certain  concentration — of  the*  plasnia,  tho  question 
^^risea,  in  what  way  are  ail  these  intlucnccd  by  ik  thinning  or 
^H^vKm  oE  the  blood  f     Yet  when  speaking  of  kydTatmia, 
^y*>o  will  carefully  distinguish  between  two  difforeni  condi- 
tions.     Blood  is  bydrsoniic  both  wlion  thu  coutaiued  water 
is  ahimluiely  increaaod,  and  also  when  thu  inoreafio  is  only 
rt^laiive.     In  tho  flrat  ea^e,  the  total  amount  of  Kolid  con- 
stituents in  the  blood — that  is,  chiefly  tho  albumen — remains 
unaltered,  while,  in  the  second  case,  it  is  dimtnuked.     On 
tha  other  hand,  the  total  weight  and  volume  of  the  water  nf 
Lhe  hltiod  VI  normal  in  the  latter  case,  while  in  the  former  it 
i«  abnormally  increaxcd.     Bat  a  third  possibility  is  a  priori 
admissible,  namely  that  the  albumen  contained  in  the  blood 
is  diminiBlied,  while  the  total  amount  of  water  is  increased ; 
this  combination  must   indeed   cause   au    especially   severe 
degree  of  bydrirmia.      Let  ua  first  examine  which  of  these 
forms  come  under  ohsonration  pathologically,  and  in  what 
couditioDS  this  occurs. 

That,  in  a  normal  state,  tho  watery  contents  of  tho  blood 
remain  approximately  constant,  is  the  result,  you  are  aware, 
fkf  the  excretion  by  the  kidney?),  skin,  and  Inngs  of  a  quantity 
of  water  exactly  equal  to  that  takon  up  by  tho  blood ;  and 
conrersely.     It  is  on  the  kidneys  that  this  regulative  func- 
tion i*  chiefly  inoambent,  more  especially  in  animals  which 
do  not  sweat,  and  therefore  lose  but  a  small  amonnt  of  water 
by  the  skin.     But  in  man  also,  it  is  only  occasionally,  as  in 
Tnidsummer,  that  the  skin  takes  a  prominent  part  in  regu- 
j  the  watery  contents  of  the  blood,  whilo  ordinarily  the 
important  share  is  borne  by  the  kidneys.      Since  we  are 
LiUtly  supplying  the  blood  with  water  from  our  food,  its 
ivry  oontents  mast  necessarily  undergo  an  absolute  increase 
soon  as  the  excretion  by  the  organs  concerned,  and  espe- 
by  the  kidneys,  is  hiademd.     The  pathological  pro- 
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•  cesaea  whioli  most  cominonly  cause  tho  excretion  of  water  hy 
the  kidnoys  to  be  impeded  und  dionnisheilcannotbothoroa^lilj 
discu9M!d  till  wo  come  to  deal  with  tho  pathology  of  tho  urinary 
necretion.  At  present  I  muot  content  mywlf  with  referrioif 
to  a  few  of  the  principal  poinbt.  In  the  first  place,  all  thow 
procesfies  which,  inrolving  both  kidneys,  imp^do  thi?  acMM 
■of  the  blood  to  the  glomeruli,  hare  to  be  considorcd  h«ro  }j 
for  the  glomemli  are  the  portions  of  the  ronal  vnscalar  ayitem 
by  which  the  water  is  separated  frora  the  blood.  The  claasieall 
example  of  such  a  process  is  preseoted  by  granular  atrophy, 
in  consequence  of  which  many  of  the  glomeruli  art;  dirvcUy 
destroyed,  the  blood-supply  of  other  obstructed,  aitd  at  tbe 
same  time  numerous  nnuiferous  tubules  reuderad  imperfioas. 
Then  we  hare  the  diffust!  donbU;  ■nephritia ;  for  yr>u  koow 
that  the  arteries  aud  capillaries  of  an  infhimrd  or^un  uppow 
an  abnormal  resistance  to  the  blood-stream.  In  tbo  com  oI 
the  kidneyBj  however,  this  circumstance  is  of  more  far-reaching 
importance  than  elt^ewhore,  inasmuch  as  IIk-  l^cc^.>tiuu  uf  oriao 
depends  on  the  hloott-presntre  in  the  glomeruli^  and  nnl  ao 
the  ^wintity  of  blood  present  in  them.  For  from  Ibis  it  fol- 
Iowa  that  the  lowering  of  preanure  in  the  glomeruli,  insepar- 
able from  every  nephritis,  must  cause  the  amount  of  nrina  to 
he  reduced.  Lajttly,  abnormal  rt^sistances  situated  in  the 
urinary  passages  will  groatly  disturb  and  diminish  the  secre- , 

'  tion  of  nriuo.     Any  impediment  in  the  nretors  which  i« 
overcome  by  the  pressure  of  the  uriue  rery  quickly  pot* 

'  end  to  farther  secretion  by  the  kidneys.  If  suchrenibuuMl 
are  seated  on  both  sides,  the  resulting  decrease  outy  bo  vory 
considerable.  To  Bomo  of  tho  above-mentioned  affoctiooi 
there  is  added,  from  causes  which  I  shall  aftcrwardit  more 
thoroughly  explain,  an  hypertrophy  of  the  left  Teutride,  under 
the  influence  of  which  the  arterial  pressure  is  lastingly  rle*- 
vnted.  WbcQ  this  occurs,  there  Cakes  place  Huch  an  auf- 
tnentation  of  the  secretion  from  the  glomomH  fdill  remainior 
pervioDH  that  the  influences  tending  to  n^duce  the  nrimi  art 
fully  neutralised,  or  even  more  than  nentr»'i=j''  Tt-.i  nn 
adequate  degree  of  cardiac  hypertrophy  is  *> 
nil  caspB  of  grannlarntmphy i  a-' 
roontioned,it  is  by  no  means  an  in 
iho  moat  oxtrcmo  byperii 
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do  nwaj  with  an  obstruction  of  the  ureters  doe  to  impacted 

cAlculi.     In  these  circumstances  an  amonnt  of  vater  equal  to 

at  by  which  the  urinary  accretion  is  reduced  remains  in 

blood ;  and  since  there  is  no  falling-off  in  any  of  tbe 

othrr  constituents  of  the  latter  the  roltuneof  the  blood  must 

Kvidently  incrca«e— there  »n»cs  &  plethora  ;  not  a  simple,  but 
b  htjilrmmtc  one.  It  ta  more  than  doubtful  whether  such 
ti  hydnomic  plethora  can  ever  be  caused  by  diseases  of  the 
kinj  and  its  pruduotioa  by  pulmonary  disease  is  still  less 
I  likoly.  An  orerloudiug  of  the  blood  with  water  could  hardly 
i  result  from  such  aSootions,  so  long  at  least  as  the  kidneys 
^^erform  their  functions  normally. 

^H  Still  more  common  than  hydremic  plethora  is  simple  hy- 
^Hhrmia,  which  is  produced  by  a  deficiency  of  the  solid  con- 
^^Ktuonts  of  the  blood.  Haemorrhage,  whether  taking  the  form 
^^p  a  single  large,  or  of  small,  often-repeated,  bleedings,  was 
'  tatoly  referred  to  as  one  of  its  causes  ;  and  I  then  laid  stress 
ou  the  fact  tJiat  the  lotter  more  rosdily  lead  to  an  hydrsemic 
quality  of  the  blood.  But  in  order  to  give  rise  to  hydnemia 
is  nob  at  all  necessary  for  actual  blood  to  be  lost  by  passing 
tly  out  of  tbe  vessels  ;  everything  that  con*umeg  the 
/"n  of  the  hlood  roust,  in  the  abi^inco  of  a  corresponding 
repair  from  the  food,  uecessarily  lead  to  a  relative  increaw 
the  watery  contents.  For  the  albumen  so  greatly  pre- 
orer  the  other  solid  constituents  of  the  blood- 
im,  that  the  salts  and  extractive  matters  fall  by  oom- 
n  tulo  the  background,  and  may  unhesitatingly  be 
neglected  iu  the  discussion  of  this  question.  A  marked 
diminution  of  the  albuminous  contents  of  the  blood<senim 
rill  altcud  chronic  dysenteric  evacuationa,  tedious  Euppura- 
<n,  and  bulky  iuQammatory  exudations ;  and,  in  a  sub- 
ordtoste  degree,  uuduly  prolonged  lactation,  aud  perhaps  an 
idnc  abundance  of  other  specific  secretions :  for  the  mate* 
u.ied  iu  forming  the  ingredients  of  the  secretions  is  in 
the  last  instance  abstracted  from  the  albnmcn  of  the  liquor 
inis.  The  production  of  large  tumours  in  a  short  space 
(beoce  especially  the  rapidly  growing  so-called  malig- 
;t  varieties)  must  reduce  the  albuminous  contents  of  the 
ctDco  it  is  evident  that  their  growth  takes  place  csson- 
*.ho  expense  of  its  albumen.      By  far  the  simplest 
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mode,  honever,  by  which  an  itapovorishmont  of  the  Mmitt 
in  albotnen  may  be  brought  abont  is  aaquestionably  alhu. 
minuria,  whether  dopendent  on  nephriiui  or  amyloid  degcoe* 
ration  of  the  glomeruli,  or  other  morbid  amdition,  All  th»o 
prooesseB  lead  to  hydnemia  with  u«rtainty  aad  rapidity  in 
proportion  as  the  aboormal  loss  of  albumeo  fails  U>  bw 
neatralised  by  a  oorrosponding  eapply  of  this  substance 
thp  blood.  For  if  the  liydraamia  bo  realty  dao  to  abnomnJ' 
loss  of  albumen,  if  wo  have  to  do  with  a  hjpalbumiruiMU 
in  the  strict  sense,  it  is  evident  that  the  latter  may  he 
cheokod  Ity  a  corresponding  increase  in  the  albnmJnims 
supply  ;  as  is  woll  known,  many  womou  not  merely  do  not 
become  hydrffimio  dnring  a  long  and  abnndant  lactation,  bat 
enjoy  a  condition  of  oxcetlent  health.  On  the  other  hand, 
tfao  importance  of  the  albumen-supply  of  ttie  blood  is  mo«t 
strikingly  shown  by  the  occurrence  of  hydnemiftaa  the  resoll 
of  a  diet  very  poor  in  albuminates,  without  the  coexisteoce 
of  any  abnormal  losses  of  albumen.  Yet  mere  defectire 
nutrition  more  oft'On  leads  to  general  atrophy,  and  thereby 
to  a  diminatioD  of  the  total  amount  of  blood,  with,  it  is  Imc, 
a  still  greater  decrease  per  cent,  in  the  semm-albumea. 

The  circumstances  in  which,  Bnally,  the   third  form  of 
hydrtemia  will  bo  doTclopod  are  oontatnod  by  implication  in 
what  has  just  been  stated.     For  nephrilit  might  with  ef]asl 
justice  have  been  oited  as  a  canse  of  hydnemic  plethon, 
owing  to  the  lessened  diuresis  occasioned  by  it,  or  aa  a  cause 
of  kypalbDminosis,  on  account  of  tho  albumiouria,  a  symptoia 
never  absent  in  this  disease.     It  is  in  fact  precisely  in  tha  I 
acute   and    chronic    forms    of   nc-phritis,  so-collod  Hright'tj 
disease,  that  tho  most  extreme  degrees  of  dilution  of  the  bUiod 
have  been  determined;  and  good  observers  have  wen  Uiej 
albuminous  contents  of  the  blood-serum  fall  in  this  affeotioal 
from  8  to  5  or  oven  4  per  cent-,  and  the  watery  contents  in*' 
oreaas  from  90  to  95  per  cent.     The  specific  gravity  of  the 
semm  in  nephritis  has  been  repeatedly  eetiuiatod  at  toi6  erj 
even  1013,  while  the  normal  value  is  1029 — io3i,* 

Taming  now  to  the  question  of  the  elToci  oxortud  by 

*  Bsrtoli,  "  Krftnkk«it«v  des    lUnti-ppiint^"  b    ZwiMva'*  'Ui»dk.*| 
iR7g.  p.  87;  Prvrichf,  '  Dip  Brigbl'iclM  Niumknakbtil  osd  dista  B»- 
biadlaog,'  Bnontitliweig,  iSst*  p<  69. 
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Ii3FdreBmia  on  tlie  oircniation,  wc  cuter  a  proTJnco  which  a 

f«w  yean  ago  passed  for  one  oE  the  best  known  ia  pathology. 

^^AniuitTca  aud  hydroya  are  extremely  oommon  in  bydnemio 

^Bsidividnals ;  the    former   occurring  ao   early,  and   in   sach 

^Hiarked  degree,  in  the  hydremia  due  to  nephritis  that  sob- 

^Butaaeons  oadeina  is  the  earlieet  change  to  attract  attention 

J^fbo  the  morbid  condition  of  the  blood.     Tho  fctlowiag  was 

Ihe  line  of  ruasoning  adopted.      Uydnemic  blood  is  more 

diffasiblc  ;  consoquontly  traasudation  throngh  the  veesel  wall 

is  facilitattid  and  increased.     This  follows  from  well-kuown 

physical  faots,  according  to  which  a  weak  solution  of  albumen 

liltors  more  easily  than  a  concontratod  one;  and  it  may  in 

addition  bo  demonetratcd  by  a  very  simple  exporimcut.  When 

n  weak  Bolntion  of  albumen,  or  still  bettor,  a  simple  salt  Bola- 

tiun,  ia  Jujooted  into  the  peripheral  end  of  the  a.  fcmoralis, 

a  very  confitdcrablo  degree  of  cnderaa  of  the  log  is  sometimes 

developed — ii  result  that  can  scarcely  attend  the  injection  of 

^^ood  or  of  pure  !^orum.     The  dilution  of  the  blood-Herum 

^K-it  was  argned  farther— ia  very  rarely  so  extreme  that  any 

^Bdeua  01*  hydrops  worth  mentioning  could  be  produced  by 

^■k  oJooe  ;    bat  when  to  the  hydrscjmio   state  of    the  blood, 

^^eohanical  causes  leading  lo  au  increase  of  transudation  are 

ndded,  an  extreme  degree  of  dropsy  may  easily  be  the  re- 

L^nlt.     To  its  production  such  factors  as  give  rise  to  cedema 

^B^bern  the  blood  is  normal  are  by  uo  means  necessary  ;  much 

leas   powerful   inflnences   BufHoo   to  produce   this  effect   in 

L^pydniumio  persons,      A  mechanical  causo  of  this  kind   was 

^Bsoovercd  in  the  increaso  of  tbo  blood-quantum,  which  was 

^Kipposod  to  elevate  the  blood-pressure,  and  it  was  not  diffi- 

^^nlt  to  explain  in  this  way  the  extreme  crdema  of  nephritis. 

By  no  oni^  has  the  entire  doctrine  been  more  logically  carried 

irongh  than  by  Bartols,  who  believed  he  had  lent  it  addi- 

ional   support  by  accurately  showing  that  the  increase  or 

bxappeu ranee  of  the  ccdema  stands  in  an  exactly  inverse 

slatiouahip  to  the  dinre^iia.* 

It  however  simple  and  logical  the  entire  dednction  may 

there  are  a  number  of  facta  which  do  not  harmonise 

lilh  ti.     First  of  all,  it  is  utterly  antrae  that  diluted  blood 

•  See  Note,  p.  453. 
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mor«  readily  h-anaudes  Ihrongb  tbe  normal  capillaries  tliaii 
does  blood  of  uormal  conoeutration.      You   uiav  ooodnct  n' 
sulatioDof  no  more  than  a  balf  per  cent,  commou  mh,  tbrougli 
the  vessela  oi  a  rabbit's  ear  and  oontinae  tho  opontioa  fori 
a  long  iiuie  without  producing  the  least  swolUag-^proridod' 
only  yoii  are  careful  lo  regulate  the  proasuro  uudcr  which 
the  iujoction  into  tho  a,rtery  is  made  so  as  aol  to  exceed 
really  low  limits.'*      FurthermorOj  t  do  not  attach  any  ^ocialsji 
importance  to  the  {act  that  indiviiluahi  may  hare  constdoT'^^ 
able  albntninnria  For  many  years  without  at  any  tima  show- 
ing a  trace  of  reilema — for  this   might  be  mot   by  aaying 
that  in  these  cases  hydrtemia  is  averted  by  a  corrcapondtng 
increase  in  the  albumen -supply.      Mach  greater  importanoo 
attaches,  in  my  opinion,  to  those  not  uncommon   insttmreN 
where  complete  anuria  exists  for  dayB  or  perhaps  weekt, 
may  be  observed  after  impaction  of  calculi,  or,  with  nDatnal 
frequency,  in  hysterical  subjects.      There  can  be  no  donl 
that  a  considerable  degree  of  liytlnemic  plethora  exists 
such  cftseSj  and    yet   not  even  the  slighlesl   indication 
oedema  is  ever  ob$erf-ed.f     Facts  like  these  must  throw  ns- 
picion  on  tbo  cntiro  doctrine  at  tho  outset ;  and  as  a  matter 
of  fact  it  has  failed  to  stand  tho  test  of  a  thorough  expen* 
mental  examination. 

Trne,  the  simplest  form  of  oxporimont^  namely,  tbo  KUippio^ 
of  the  secretion  of  urine  by  tying  the  renal  Tos&els  orextirpi 
ting  the  kidneys  of  an  animid,  could   not  lead  us  to  any 
result,  inasmuch  as  this  procedure  would  bo  followed  by  the. 
retention  in  tho  body  not  only  of  the  water,  bnt  alKo  of  ihsj 
other    materials  excreted   by  the   kidneys,  the   destruotiTv] 
effects  of  which  I  shall  explain  to  you  in  connection  with  tl 
pathology  of    these  organs.      Afoanwhile,  a   true   hydnemiiA 
plethora  may  be  produced  in  the  readleat  way  by  inject iny  n\ 
leatery  aoiuiion  of  boU  inio  the  hlin>J.      Theeolutiun  btupli>yedj 
must  be  of  such  a  strength  aa  not  lo  injure  the  blood- 
pnsclos ;  for  the  dog  a  solution  of  o'6,  for  the  horse  one  of 
0*75,  and  for  the  rabbit  one  of   i  per  cent,  should  b^  •^^'••^ 
In  carrying  ont  such  experiments  on  narcotised  or  vi. 

*  Cotinluiia,  *  Unt«nmohuiig«o  ub«r  il.  woW.   fwt— i,'  DfdlB,  lE 
p.  fit. 
f  Boitsla,  L  Ct  p.  44 ;  Usndel, '  Viruh.  A^*  Ixviii,  p.  394. 
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dogi,  tho  injection  being  made  iodifferentljr  into  a  vein  or 
into  the  cODtral  end  of  an  atlery,  Lichthcim*  aud  myself 
were  oot  m  little  surprised  to  find  vh&t  enormoas  quaniities 
of  lalt  solotion  oaa  be  tolerated  by  tliQ  amuuUs.     AVe  have 
repeatedly  introdoced  from  five  to  six  Limes  the  blood-qaaa- 
iom  into  a  dog  in  the  epace  of  half  au  hour  withoQi  the 
appearanco  of  throateniDg  symptoms,  and  it  was    aotbing* 
unusuiil  Ui  be  obliged  to  inject  as  much  as  60  to  70  per  I'ont^ 
the  ]>o<1y-woight  in  order  tu  bring  about  the  animal's  death. 
When  deatb  ocRorrcd  daring  the  experiment,  it  was  rery 
rarely  as  the  reenlt  of  acute  ccdema  of  the  long.     Rather 
the  end   was  preceded   by  evident  signs  of   dyspnoea  ;  the 
arterial  blood  tost  its  bright  red  coloar,  the  pulse  became 
low  and  intermittent,  the  blood<pressuro  carve  displayed 
axy  considerable  oscillations,  and  in  the  narcotised  animate 
strong  clonic  spasms  were  of  occasional  occurrence.     In  the 
dogs  which  surrived  the  orperimcnt  itself,  the  injection  did  •, 
not,  it  is  true,  prove  permanently  innocuous  ;  yet  the  animala 
bore  much  larger  injections  of  salt  solution  than  of   blood  ;. . 
and  while  the  lutrodaction  of  the  latter  to  about  150  per 
cent,  the  blood-tjaantum  always  jeopardised  life,  we  often 
saw  dogs  make  a  perfeot  recovery  after  vre  bad  injected  an 
amount  of   salt  solution  diual  to  mure  than  three  times  the 
blood -quantum.     A  atiil   suvurur  hydnemic  plethora  could 
hardly  be  recovered  from. 

You  will  not  expect  the  blood-pr^ssnrG  to  bo  much  influ- 
enced by  the  watery  injections,  bearing  in  mind  your  expe- 
rience with  transfusious  of  blood.  Uow  little  the  arterial 
prossuro  dopcnds  on  iho  volume  of  the  blood  cannot  indeed 
bo  more  strikingly  shown  than  by  these  experiments,  the 
coorae  of  which  in  other  ruspocts  completely  resembles  those 
where  blood  is  transfused.  If  you  inject  salt  solution  into  - 
a  dog  whose  arterial  tension  is  low,  e.  g.  after  6rst  dividing 
the  cervical  cord,  yon  see  a  rise  of  pressure  pretty  accuratoty 
>portioual  to  the  quantity  injected.  If,  on  the  other  hand, 
strong  dog  with  a  high  normal  pressure  bo  chosen  for  the 
[perimenl,  you  may  at  once  begin  by  allowing  an  amount 
liquid  equal  to  the  blood-quantum  of  the  auimal  to  run 
ito  the  jugular ;  you  will  see  a  considerable  rise  of  the . 
*  Cohtkhoua  a.  Li«htlieiui,  *  Tirch.  A.,'  Ixix,  p.  106. 
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carotid  pr^flsnre  while  the  salt  iiolution  is  floiri&g  in, 
tlioQ  &n  iTumcdtate  reCaru  to  nonnal.     Aud  jon  may  yt) 
iolrodacing  the  salt  solntion  quite  boldly,  injocting  ubuui 
hal£  t^o  blood-qaantnta  at  a  time,  when  a  long'  period  wit 
elftptto  witboat  your  DbtaiaiDg  any  other  rosull ;    the  onl] 
change  being  that  as  thohydriieiQicpIetLotii  becomcii 
the  jntorval  between  the  rise  of  pressure  fbUowing  the  injt 
tion  and  tlie  Bubsoquent  fall  is  proton^d.      The  I'nctnrA  mn^ 
dering*  this  regulation  poeaiblo  have  already  been  dmaa**vA 
with  siifGciont  minntonosa  when  treating  of   true  artafienl 
plethora,  bo  that  their  repetition  may  be  dispensed  with  Kerr^ 
For  they  arc  none  other  than  Uie  vaso-motor  Bystem  in  tt 
beginning,  and  later  on  the  peculiar  diatribation  of  the  sopor 
fluons  Mood  in  the  capillarieH  and  veins.      It  is  pr*'' 
hjdrfemto  plethora,  which  attains  much  larger  ^ro[    .  . 
than  the   simple  form,  that  direct  proo£   of    the  ahnot 
fulness  of   the  veins  ia  afforded  Uy  the  laetin^-  n 

preMore  in  these  vessels.      Injections  of  salt  euli:.. ...   ..i   ij 

to  30  or  40  per  cent,  the  body-weight  do  not  cause  any 
worth  meDtiouiuj^  in  the  v.  femoralis;  but  when  tstJll  Ian,i:t 
qnantitiea  bavo  flowed  in,  yon  taay  wait  long,  and  still  1I4 
venous  pressure  does  noi  ratom  to  its  original  lerel.  Vii 
occagionally  ob»?rved  a  pemiaDont  rise  to  values  of  iB 
even  20  mm.  mercury. 

While  then  the  blood-presanro  docs  not  behave  very  diffni 
ently  in  hydnuiuic  plethora  and  >o  the  simple  form,  the  aauie 
cannot  bo  said  of  the  velocity  of  Ow  btooJ-ttrAam.      I-*--'  ''-i, 
latter  ia  very  considerably  acoelerated,  not  merely  dn 
injection,  i.  e.  KimaltanoouBly  with  the  ri.<te  of  bl 
bul  aim  lastingly,  long  after  thr  pretMure  htut 
nonnal.     This  cannot  be  more  bcnntifolly.demoi 
in   the  tongno  or  swimming-membrane  of   the    frog. 

placing  one  or  other  of  these  ui-gaus  under  thr  ■; 

and   waiting  till  a  regular  dew  18  established, 
injecting,  by  means  of  a  fine  glass  or  moUil  cannula  pr 
vioiisly  tied  into  the  central  end  of  the  r.  nbd^'i — 
ur  a  whole  cubic  centimetre  of  a  (   per  cent.  -  j| 

yon  very  soon  notice  clear  bauds  iu  the  blood  of   the  lar 
vessels.     These  arc  nothing  but  titreams  of  salt  water,  wbM 
have  not  yot  completely  mixed  with  the  trog's  blood.     Tl 
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m  Tsnish,  hovreTer  ;  for  (bo  mixiog  of  the  blood  and  salt 

>tutiou  is  quickly  effected,  certainly  after  a  ooupleoE  circuilB; 

)d  uovr  tilt)  lig]it-coluured  bluod  slioote  irith  such  rapidity 

iruugti  tlio  vesRels  that  yoa  arc  ahsolately  unable  to  reoog* 
ao  individual  <;oi-jtusde  iu  tho  capillaries  vvau,  under  a 
>1T  napiiryiug'  powor.      In  ihn  vuins,  the  peripheral  plaa- 

itio  Kone  is  usually  complctoly  Tree  from  colourless  cor< 
"puscles.  The  striking  speatacle  is  long*  enough  maintained  ; 
if  really  vigorons  animals  hare  boeu  choson  for  the  expert- 
moot,  moro  than  half  an  hour  passes  before  the  velocity  com- 
meiicea  to  alnckcn,  and  on  examining  tho  swimming-mom- 
brane  after  a  coupio  of  hours  you  discover  tho  blood-corront 
to  be  still  accflcrat«d  in  no  inconaiderablo  degree.  More- 
over, on  each  frfeeli  little  dose  of  salt  water  there  ensues  as 
before  an  tmmodiate  increase  in  the  velocity  of  the  tlow. 

In  tho  dog,  also,  the  existence  of  an  analogous  coudition 
can  be  dctcrminod  without  difficulty.  If  blood  be  taken  from 
the  diffcreut  vascular  areas,  thecai-otid,  v.  femoralis,  v.  porta, 
a  few  minutes  after  an  injection  of  salt  solution,  tho  dry 
raitidUiP  yielded  by  each  speciruou  is  approximately  etjuat. 
Th&  great  acceleration  of  the  blood-f^trcam  can  be  determinod 
by  direct  microscopic  examination  of  tho  mesentery,  as  well 
ns  by  e.stim:iiting  prior  and  8ubsc4|iiently  to  injection  tho 
louDt  of  blood  flowing  in  the  unit  of  time  from  a  suitable 

sin,  0.  g.  the  dorsal  vein  of  the  forelog  ;  by  the  latt'Or  method 
fctiormnns  differences  are  sometimes  revealed.     Nor  have  we 

ir  to  seek  for  the  cause  of  this  acceleration  of  the  current, 
independent  as  it  is  of  tho  btood-pressnre.  Its  cause  ts 
Indoubtedly  tho  ilminutwn  m  th«  /rictionai  refti-vUnir/:  occa- 
^ioned  by  the  passage  of  diluted  blood  through  the  capillaries ; 

10  liquid,  having  become  much  moro  watery^  is  not  detained 
in  the  vessels  of  narrow  calibre  nearly  so  long  as  would  bo 

le  case  with  concentrated  blood.  It  perfectly  harmun- 
with  this  Wow  that  tho  acceleration  of  the  blood-&tream 
alockeua  after  a  time;  for  if  the  moro  rapid  flow  depends  on 
a  thinning  of  the  blood,  it  is  natural  that  it  should  decrcOrBo 
as  the  watery  contents  diminit^h. 

This  brings  ns  to  tho  interesting  question — where  does  tho 
water,  by  which  the  blood  hai  been  artificially  incroasiHl, 
remain  ?      For  that  a  rery  t^onsiderahle  jiortton  very  aoonfor- 
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saJces  tha  vessel*  is  prored  b«yotid  doubt  b;  the  Csct  tba(  tbo 
actual  e«timatiou  of  the  dry  reuidae  after  iojecliooa  uf  mIi 
water  inviiriably  yiulds  bigbur  valuos  tiiaii  tbe  results  of  caU 
cnlatioQ  demand.     By  iDJectiug  a  qaantity  of  0*6  per  oont 
salt  solntioD,  equal  in  amount  to  the  blood-ijoanlunif  tbo  dr] 
residue  of  tbe  whole  blood  is  rodacod  from  abuul  2u  perccui 
to  14  or  at  most  13  per  cent. ;  rind  each  snb«eqn«nt  injectioa 
is  less  and  luss  capable  of  raising  tho  percentage  watery  coiw 
teota  of  the  blood.     There  is  no  difficulty  in  making  oot  whai^ 
becomes  of  the  missing  water.     Dnring  the  experiment  iiwl 
all  the  glands  begin  to  aocrote,  thoogb  tbe  ordor  in  wbi< 
Lhey  do  so  is  very  inconstant.      Largo  quantities  of  tbin^di 
urine  collect  in  the  bladder,  and  aro  passed  from  time 
time  ;  a  profusion  of  saliva  Sows  from  the  dog's  jaws  ;  {n»a1 
the  intebtines  watery   evacuBlions  take  pUce  repeatedly  ; 
the  bile  also  flows  more  abundantly  ;  and  after  death  tbe 
stomach  and  intestines  are  regalnrly  found  distended 
torbid  liquid.     Almost  every  one  of  the  secretions,  then^  ii 
enormoasly  increased  in  these  expenments;  but  this  ii 
all.      By  collecting  the  lymph  fioiriug  from  a  cannnla  ftiod| 
into  the  ductus  thoracicus  iinmodiatc-ly  before  ita  entraaca 
into  the  t.  subclaTiaj  you  can  detect  an  auffmrntalum  of  the 
Ifmpb-etream  which  sets  in  directly  after  the  first  injectioa 
0!  salt  water;  and    tho   increase  and   acceleration   b«oai»a_ 
greater  with  every  BubaDqaent  injection,  ao  thai  at  last 
lymph  in  jKiured  out  in  actual  jets.      On   one   ov  >''tvr 

the  introduction  of  about  40  per  cent,  the  body-       „     .  •> 
found  the  velocity  of  tbe  stream  to  be  twenty-five  ttines  ifrw 
than  at  the  commencement  of  tbe  experiment.      A- 
becomcs  more  abundant  it,  of  course,  grows  <  1 
watettf.     Bat  while  this  augmentation  of  tho  cbylo-streats  iv| 
tho  ductus  thoracicus  is  very  striking,  an  iticrvH>)od   ; 
tioD  of  lymph  is  very  far  from  goniTal  throughout  tl<. 
From  the  large  trunks  of  the  neck  there  also  fluwa 
lym]jh   after   the  injectiou,  yi-t  the  growth  id  tho 
iympb-tiU-cam  cauuot  be  compared  with  tbu  increaae. 
flow  through   tbe  ductus  thoracions.     For   nam  rtnl 
however,  is  the  circuiusLanco   that,  whet' 
iairoduced  on  tlio  proximal  or  on  tho  p. 
ids  concerned,  Ihe  lymi>}Mlica  of  Ih 
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fcW  a  itrt'p  more  Huid  than  do  those  of  on  uninjored  ftuimal 
rith  undiluted  blood. 
With  tlio»6  remarkable  differODces,  the  p05t-mort«in  ap- 
pcflraoce)!  iu  the  antmals  d^^ing  dariDg  the  experiments,  or 
Drwnrds  put  to  death,  harmonise  completely.  The  abJo' 
anai  or^atiD  are  u-ttliout  ftr-ccpfion  vtarkedty  ilroytical.  Tho 
ritoneal  cavity  uever  fsiU  to  contain  a  considerable  portion 
clear  fluid;  the  mesentery  and  the  lymphatic  glands  dis- 
losed  in  itj  the  pancreas,  tho  gall-bladder,  tho  liver,  tho 
pdneys,  and  tht>  wall  of  the  entire  gastro-inteetinat  canal, 
more  or  leas  strongly  CDderaatous — ofton  enormously  so 
wheu  the  injections  were  very  abundant,  iu  which  case  the 
wall  of  tho  stomach  may  be  more  than  i  cm,  thick.  Iu  like 
manner,  tho  tmbmaxillary  and  auhUngual  glands  with  tho  trK>s& 
connoctiTO  tisauo  sarTnoiiding  them,  aro  alwayft  highly  ccde- 
BUtons,  6o  mnch  eo  that  marked  tamefaction  of  these  regions 
may  ho  observed  daring  the  experiment  itself.  With  these 
jirgana  all  the.  remnimng  oti«a  vimdlif  eontnut  by  I  heir  freedom 
>m  ofiletna.  Xeithor  in  the  central  nenrons  ny.stem  and 
membranos,  tior  in  the  thoracic  organs,  the  serous  cavities, 
id  the  lungn — if  we  except  the  rare  cases  of  pulmonary 
lema — nor,  an  you  will  note,  iu  the  tfUire  mutcular  und 
ihcutancoua  cvlluiar  lionte,  i&  there  the  slightest  trace  of 
ropisy.  All  these  parts  are  iu  no  respect  dihtingiiishahle 
from  the  corresponding  organs  uf  perfectly  heaJtiiy  animals, 
vnto  whose  blood  not  a  drop  of  salt  solution  had  been  in- 
jected. 

In  order  to  estimate  properly  tho  signiticanco  of  these 
facts  and  appearances,  found  by  us  not  only  in  dogs,  but  also- 
in  rabbits,  sheep,  and  borses,  it  will  be  advisable  to  compare 
with  tliem  the  effects  of  true,  aimple  hydrfemia.  No  method 
has  up  to  the  pre.scnt  been  devised  by  which  the  perceiit^o 
aibaminons  contents  of  the  blood-serum  only  can  be  reduced, 
while  the  whole  of  tho  blood*oorpu8clofl  are  preserved  ;  and 
if  it  be  desired  to  render  dogs  hydrrondc  without  adding  to 
btood-({aniituui,  there  is  nothing  for  it  bat  the  removal 
a  certain  amount  of  blood  from  a  vessel  and  tho  anbsti- 
Mion   oT  ifikt^^ta^^^^BBpnt.  salt   solution. 

to  -.  f-^^^^^^^^^bntal  hydneiuia  by 

iboro  is  a  Ui^^^^^^^^^B  bo  e\cveded,  for 
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ioaAiuiich  aa  ono  dare  nob  push  tbe  depletion  beyond  lulf 
ttio  total  blood- quantum  witlioat  seriously  oudn^'  tbe 

QDimars  life,  tbe  solid  rosiduo  of  the  blood  cnnno^  luctad 

by  more  than  half  its  normal  auotmt.     This,  howevw,  fa  ■ 
degree  of  anicmin  which  can  hardly  ho  surpassed  in  hnniMi^H 
pathology.     If,  after  rendering  au  auimal  highly  hydrt»uii<:,^H 
either  by  one,  or  l>etler  by  several,  bleedings  and  salt-wator 
iQJectioQs,  you  nllovr  a  liitlo  time  to  elapse  and  then  mfMuuii 
ila  blood-pre&aure,  this  wilt,  as  a  rule,  bo  found  lo  have  faSlt 
below  normal.     The   fall,  bowever,  mattt  so  inflonnco  If 
velocity  of  the  Mond-strt-am  that  the  gain  which  " 

wise  aocruD  from  iho  lessening  of  the  frictional  r:     

the  capillaries  does  not  nsoally  manifest  itself.     The 
viouT  of   the  corpuscalar  elements  of   the  Wood   shows 
appreoiafalo  differences  in  fimple  hydremia  and  in  hydnemid 
plethora.     Thoma*  has  called  attention  to  the  ^t  thai  IW 
dilution  of  the  medium  in  which  the  oolonrlcM  <*. 

float  is  decidedly  faTorable  to  their  amceboid  rnovi. 

Whether  tho  red  blood-oorpusoles  are  nfTected  by  the  wwtt 
ing  of  the  plasma,  and  if  so  to  what  extent,  we  are 
as  yet;  I  bavo  repeatedly  satisfied  myself  that  no  al.. .. 
of  colour  or  shapo  can  bo  detected  in  them,  even  by  eroploynig 
very    high    powers.     Moroovcrj   the   fact   (lemonfitmt4<<]  \v 
Quincke^  that  the  unit  of  rolamo,  or  of  weight,  of  Mood  U 
individuals  suffering  from  nephritis  or  contracted  kidney! 
sometimes  a  considerably  lowered  hiumoglobin-contet 
■compared  with  normal  blood,  does  not,  as  will   bo 
nnderstood,  allow  any  farther  conclni^ion  to  be  drawn  fron 
it,  50  long  an  nothing  is  known  of  tho  numbers  of  ihe  red 
blood-corpnscles  contained   in  the  blood    in  these  di 
respectively.     Bnt  yon  will  bo  chiefly  iotentsted  in  th^i 
tion — how  is  it  as  regards  the  excretion  of  water  froi 
vessels?      Tlie  answer  is  \*ery  simple.      In  "  '1  ■■•  — ''•' 
drfemic  in  the  manner  described  there  in  *> 
e/  wcre/iOH  not  cf  Imnrttdotion.      I 
and   intestinal  secretions,  are  not 
lyuiph-stream  is  nowhere  increased, 
of  the  body  is  a  collection  of  liquid  lormed. 

•  TVuMu*,  'Tirck.  A.,*  '^" 
•ViTTii.A..'l 
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Tho  results  obtained  by  these  expenments  on  simple  hy- 
dnatnia  appear  to  roc  to  throw  a  clonr  ligbt  on  the  divergeub 
molts  of  bydreamic  plethora.  It  is  uot  tlie  dilatiou  of  the 
blood  per  M,  i.  t.  the  percentage  increase  of  it«  watery  eon- 
teutff,  tb»t  CAUses  tbo  augToented  secretion  and  iranHudatiori ; 
thits  is  duo  to  ihe  larger  volume,  to  the  incTKone  of  Ihr  hulk 
of  ih«  blood  by  lh«  addition  of  $o  much  $alt  aolulion.  Thua 
hydrtemic  pleth<.>ra  is  a  direct'  parallel  to  traepolyaeniia,  with 
which,  tuo,  it  purfeotly  accords  iu  point  of  induencc  on  the 
btood'prea&nre.  The  salt  water  is  excreted  just  aa  is  tho 
iupcrfluouB  blood,  with  only  ono  difference — a  very  impor- 

^^nt  oQO,  ic  is  true — that  tho  excretion  of  the  salt  water  is 
^H^h  more  easily  effected.     But  it  ia  manifestly  tlie  Bamo 

^wgnns  whoee  vessels  are  engaged  in  excreting  the  su[icr- 
fluous  blood  and  tho. water;  at  any  rate  tho  increase  of  the 
lympb-atrcaro  in  the  dactns  thoracicna,  the  trifling  csdcmaof 

K»  poncreaii,  tbc  slight  haBmorrliagic  ascites,  the  eccbymosea 
the  stomach  and  intostinal  canal,  which  wcro  all  of  them 
serrable  in  pare  artificial  plethora,  make  nnmistakabty  for 
ia  view.     Hence  we  are  led  to  the  conclasion — in  my 
itjion  a  rery  uotowortby  one — that  tbe  blood-vcsacis   of 
certaia  organs  differ  from  alt  rcmaiaing  ones  in  their  beha- 
viour towards  au  iuoruase  of  the  blood -quau turn.     For  bow 
else  cau  the  ojdetaa  of  the  salivary  glands,  tho  pancreas,  the 
kidneys,  and   the  other  organs  no  often  mentioned   be  ex* 
plained  ?     The  process  of  secretion  per  te  has  clearly  nothing 
to  say  to  it,  for  however  energetically  tbe  prodaction  of  saliTa 
may  take  place  in  a  bealthy,  nninjured  dog,  for  example,  not 
a  drop  more  lymph  will  erer  tiow  into  or  out  of  the  cerrical 
lymphatic  tronk  in  conseqnenoe.  Moroover^  with  regard  to  tho 
pancreas,  a  gland  which  does  not  secrete  constantly,  but  only 
nndor  certain  conditions,  Licbtheim  and  I  have  sevcrul  times 
ded  in  determining  the  occurrence  of  a  very  high  degree 
(ndcma  of  the  organ,  althoogh  daring  tho  injection  of  salt 
not  a  drop  of  fioid  flowed  from  a  cannnla  tied  into  the 
inal  uf  Wirsung ;  in  tho  submaxillary  gland  vc  have  occa- 
ly  aa«n  a  similar  stat«  of  things.     Yot  it  cannot  be 
[y  ntal  that  the  organs  which  become  ccdomatous 

VLi...^  plethora  shoald  be  precisely  those  whoso  pby- 
1  fonotioQ  consists  in  tbe  te^aTaiivu  of  a  icatery  tecrg' 
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lion.      On  the  contrary,  T  helioro  oar  oxporimoDis  toad  t«  flo< 
unimportant  conclnsiona  with  respect  to  tlio  mechnnism  o 
secretion.      For  they   show    that   the   hlooil-veiiMls  of  Ua 
secreting  glands  differ  from  those  of  the  remainder  of  Uie 
body  in  being  uormall^  so  constituted  a»  lo  allrn*  of  ll» 
readj  passage  through  them  of  watvr  and  irat«ry  solutions. 
We  are,  it  is  troe,  entirely  ignorant  of  the  manner  in  wh» 
this  peculiar  property  of  the  gland-yesselK  is  oliliae^  in  i»ecrt- 
Liou.      The  plethora  uxpcriuioniSj  however,  tuach  at  luaat  that 
a  very  great  increofie  of  th«  blood-quantum,  and  more  H 
cially  an  absolate  augmentation  of  the  water  of  the  blood, 
can,  without  the  co-operation  o£  tho  Bocrvtory  nerves  or  celbi 
cause  an  increased  transudation  of  fluids  from  these  reaseb. 
These  transudations  may  in  port  be  employed  in  the  pn^dnc- 
tion  of  secretion,  if  the  other  conditions  are  fuliilled  ;  bat 
is  not  necessary  that  they  should  be,  nor  are  they  altrajs* 
employed  ;  and  even   the  most  active  secretion  nppnrenily 
cannot  keep  pace  with  tho  transudation  ensuing  on  no  int«0M 
bydresmio  plethora.    Hence  the  never-failing  and  often  power 
ful  a^fMntation  of  the  lympb-etream  from  the  implicated 
orgaoSj  and  hence  tho  oceorrenco  of  eedtnia  vhon  tho  atig- 
mentation  at  last  becomes  insnffictent.    That  the  liquid  sbcnlil 
be  diffased  in  the  vicinity  of  the  glandnlar  organs  involvwl 
in  tho  cedema  is  not  at  all  strange ;  in  this  way  th«  csdenia 
extends  from  the  gastric  mncoos  membrane  to  the  snbmnc 
tissac,  and  from  the  lymphatic  glands  of  tho  niuenttTry 
tho  mesentery  itself.     In  like  manner  the  ascitaa  originates 
whilo  the  serous  cavities  of  the  thorax  and  of  tho  ceu 
nervous  system  remain  perfectly  dry. 

Th{>  entire  doctrine  of  hydiieuiio,  or,  as  it  is  also  oalled^^ 
taehectic  dropsy,  is,  you  perceive,  untenable  in  the  fom  h^H 
which  it  was  current  till  recently.  Simpli'  hydruMnia  is  not  ■' 
&  cause  of  ccdcma  ;  and  if  the  oedema  of  nephritis  really 
depended  on  hydroamio  plethora,  tho  localises  in  which 
llrst  appears  would  bo  very  different  to  what  tl- 
aro ;  anasarca  in  particular  could  never  oocor,  iii  .^;.  .. 
precisely  the  dropsy  of  the  skin  that  ia  ehanuiteristio  ut  raaal 
inHnmmntion.  For  the  rest,  it  is  more  than  douhttal  whelber 
hydntmio  plethora  over  attains  such  magnitude  in  haman 
baings  as  to  produce  the  tpffijif.  ccdemas  with  which  wo 
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become  acquuicted  tbroagli  experimeats  od  aDtmals.  But 
bowoTcr  incoatcstabk'  this  conclusion  api>ear8,  it  does  not  in 
any  way  alter  tho  fact  tliat  dropsy  is  very  commonly  aesooi- 
atod  with  a  hydrainiio  condition  oE  the  blood ;  and  if  the  old 
explanation,  cannot  satisfy  ns  wc  must  make  it  our  bnsiness 
look  for  anoihor  which  will  harmonise  better  with  tho 
nUs  of  {•xpcriracnt.  As  to  tho  diroct-ion  in  which  an 
explanation  ahonld  be  i;onght  there  is  no  lack  of  valuable 
indications.  Only  wftUe  the  vesself  arc  fully  intact,  and  so 
long  as  the  blood-stream  coatinaes  regular  in  other  reHpect«, 
do  they  behave  towards  bydnemia  and  bydrrcmic  plethora  in 
the  manner  described.  You  are  aware  that  wdema  of  tho 
leg  never  ensues  on  aimply  ligaturing  the  v.  femoralis  of  a 
Itby  dog ;  while  if  a  considerable  qnanttty  of  salt  water 
iujected  into  a  dog  with  a  ligatured  femoral  vein,  the 
oxtrcQiity  swells,  not  always,  but  in  a  largo  proportion  of 
casM.  Set  up  inflammation  in  the  bind  paw  of  a  dog,  and 
troduce  a  cannula  into  die  lymphatics  of  the  leg  on  each 
0.  When  yon  have  determiueil  the  amount  of  lymph 
flowiug  from  each  of  the  canuuliej  allow  a  couple  of  litres  of 
salt  water  to  run  into  tho  v.  jngalaris  ;  you  will  at  once  per- 
ceive that,  while  tho  lymph  flowing  from  the  sonnd  aide 
nndergocs  no  alteration,  t]k«  hurmae  on  the  inflamed  tidfi  it 
rtry  aynsitli^rahle,  and  the  fluid  at  the  same  time  more  watery. 
Id  inflammatioDB  so  trifling  that  a  tumor  is  almost  or  a1io- 
iher  absent,  e.  g.  in  erythema  of  tho  skin,  hydrsemio  plethora 
ooce  causes  a  really  considerable  swelling.  Nothing  of  the 
d  is  observable  in  simple  bydrsmta — at  any  rate  not 
mediately  on  the  replacement  of  a  certniu  quantity  of  blood 
water.  But  when  the  hydricmia  so  produced  jKruitinfor 
Vic  days,  when  a  certain  amonnt  of  bloud  is  daily  replaced 
salt  water  and  tho  peroontage  watery  contenta  is  in  this 
ay  permanently  maintained  at  a  tolerably  high  value,  then 
ligature  of  tbo  v.  femoralis  leads  to  cedema  of  the  leg  in 
animals  alao,  and  there  is  present  aroond  the  seat  of 
ation  a  very  considerable  inflammatory  wound-irdoma, 
bicb  almost  never  appears  in  dogs  with  undiluted  blood. 
These  facts^  I  think,  provide  tbe  key  to  the  comprehension 
hydrsomic  ot-dcma.  If  we  see  dropsy  setting  in  anywhere 
in  hydremic  individuals  we  should  ask  first  of  all  whether 
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conditions  are  praecut  in  tlio  part  affoctni  fry  tehiA  Ika  p^nmeo- 
hility  of  the  wswf  uralU  iV  aimarmaUy  inereiurd.     Tfai»   n  ^| 
tmo  ol  the  skin  in  prcoselj  those  forms  oE  nepbritis  in  whick  S^ 
mariced  aaaearca  aeta  tn  earliMtt.  r,  g.  in  the  itcattatinal  form ; 
so  nndi  bo  that,  as  is  welt  known,  cedema  ol  tbo  skin  occa*  ^1. 
iiiu—ITj   nc«trs  i»  ncarlet  ferer  withoot  any  imporanslimont  H^ 
of  thr  blood  b^  antecedent  albaminuria.     Moreorer.  for  thorn 
omc  of  okrooic  neplintia  where  tbe  reported  exporare  of  tbe 
body^  le  cold  nnd  wvt  is  set  down  as  the  leiiologiaU  factor, 
wm  ahall  etmrctij  seem  too  dariog^,  if  tn  assame,  as  tba  bant 
ol  lb*  anaanroa,  an  inflammatory  alteration  of  the  ontmiaom 
y—obi,  dcTekiped  aimnltaucously  with  tbe  kidney  affieetiao, 
and  called  forth  by  analogous  causea.     Tme,  a  Btmilar  coodi^^ 
tinn  does  not  obtain  >it  the  caoheolic  dropsy  ioeu  in  peraoul 
wbo  arc  bydrsBmic  from  other  cniisus.      Bat  the  cedoma*  and 
dropsies  of  this  kind  are  not  nearly  eo  coniiderafale  nor  lo 
rapid  in  their  development ;  ratht^r  they  are  restrieted  u  a 
raio  to  swelling  of  the  ankles  with  a  modetafs  amoDttt  of 
dropMical  cffasion  into  the  aerona  cavitiea  ;  and  a  lon^iUnaM 
in  Qsually  necossary  to  their  devolopmont.      It  apr  ';:c, 

howeverj  that  the  conclnsion  to  be  drawn  Inrui  _; cts  ^i 

above  noted  regarding  simple  Hydrtemia  of  somewhat  lung  ^M 
duration  is  especially  worthy  of  attention.  If  a  ligatmv  ^ 
Applied  to  the  votn  causes  no  ewelliog  of  the  le^  where  the 
hydnomia  is  quite  recent,  bat  gives  rise  to  (Ddenw  of  the 
extremity  when  the  animal  has  been  for  a  oon&iderablf  time 
bydnemioj  1  can.  como  to  but  one  cwnolnsiDn,  namely,  that  a 
htfdrmnia  vf  sotnmehal  long  duration  itself  injuna  Ha  rmrl 
icath  and  increaaes  their  pL-rmeainlili/.  Kor  can  the  oxiiteoM 
of  Buch  a  condition  bo  indifferent  to  the  heart ;  at  any  rale 
the  tow  pnli%-wave  of  the  bydra>mio  is  a  aaffidisikly  oksr 
indication  of  a  falling  off  in  the  energy  of  the  cardtnc  con- 
tractions. Now,  if  yen  call  to  mind  thai  weakneaa  of  the 
heart  forms  an  obstacle  to  tbe  emptying  of  the  rsoooa  ayatam, 
and  therefore  easily  raises  the  tonsion  in  it  abovr  '  i  J, 

you  will  have  no  difficulty  in  understanding  vrt.v  ,^]^ 

who  have  been  a  long  time  hydnomio  should  d.  isd 

Hwcl]ing»  and  effusions  in  different  partii  of  thi-  Ludy. 

suui  up  the  rtittults  arnrod  at  from  the  discuasioD 
subject  of  h^'drnmia  and  ita  rclaUon  to  dropsy. 


Bfeimfi.  OONCENTRATIOX  OP  THB  BI-OOD. 

lafting  kydrxmic  plethora  doe$  not  «cut,  becBUBO  thesaper- 
loos  wator,  like  the  HuperQaous  blood  in  simple  plethora, 
eeponited  bj  the  vessels  of  rtrlain  onjans.  The  water  so 
flcporated  becomes  miugled  with  the  secretions  of  these  organs 
id  ur  ihitJt  distkarged  from  the  body ;  and  if  the  Bcpamtion 
too  cunHiilerable  for  the  secretions  to  keep  pace  with  it, 
water  enters  the  tymphalicg,  or  ponefrates  into  tiie  iuter- 
and  eavitiea  of  these  organs,  and  of  Ihcse  in  thmr  imme- 
ile  nfighhourhood,  where  it  givm  ri»e  to  eedstna  and  droptij. 
the  other  hand,  while  the  blood-stream  is  normal,  simple 
filriemie  or  hypalbuminotie  blood  irannidea  no  more  readily 
if}h  healthy  vo$aeU  than  doej*  undiluted  blood  j  it  does  so, 
liowevor.  when  the  permeability  of  the  Tesfiolg  la  iutreated 
from  any  cause.  Sach  a  oaase  is  proicnt«<l  by  the  bydremic 
l^uality  of  the  blood  itjteU ;  and  c&demas  nnd  dropsies  are  in 
{tience  very  easily  produced  aa  a  re»ult  of  lony-4:ndnriHg 
rdnemia,  more  particolarly  in  localities  where  the  venona 
has  to  overcome  the  action  of  gravity. 


leea 


Directly  contrasting  with  hydriomia  aro  the  processes  by 
tioh  the  watery  contents  of  tho  blood  are  diminiKhed,  and  its 
icentrotion  tbcroforo  increased.  This  condition  can  be  deve- 
led  (oa  certain  oztent  in  nnimalx  by  dimply  depriving  them 
water,  as  e.  g.  by  fei'ding-  nibbitA  with  dry  barley  instead  oE 
with  succulent  cabbage  orcarrot-s.  Bat  far  larger  qnantities 
of  waitir  may  be  withdrawn  from  the  blood  of  an  animal  by 
a  method  proposed  by  Wegner,*  and  further  elaborated  by 
MUBit  samely,  the  injection  of  a  very  concentrated  solution 
of  salt  or  anpar  into  the  peritoneal  cavity.  The  effect  of  this 
is  to  caaso  a  transudation  of  water  from  the  vessels  of  the 
peritoneum  into  it«  cavity  in  such  abnndanco  that  the  blood 
becomes  qnite  couceDtrated.  Tn  man  a  considerable  degree 
of  concontrnlion  of  Ihe  blood  follows  very  profuse  fttwatittg, 
and  atUl  more  certainly  ensues  aa  the  resalt  of  copious  v;atvry 
*ffit*iont  into  ike  ga^itro-inU'stinal  canal  and  the  removal  of 
ifaese  from  tho  body,  such  as  occur  aft«r  the  use  of  powerful 
Jrorgvs,  and  above  all  in  a  disease,  of  which  abnndaut,  WBter^*, 

*  Wegmr,  *  Laogeub.  A..,'  xx,  p  ^u 

•f  iSuM,  *  Bericht  tiil>w  (!•  to  CbimrgenHn^rMs.'  p>  S :  '  Beilsge  c  Ctbl. 
h  Chtntrgie/  1681,  No.  ao. 
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saline,  non-all:) nminoas  evacuntions  per  ot  el  anum  nrt<  p^tbo- 
gnomonic,  namoly  cJtolera.     In  tbe  oliolBraic  seiKitro  tho  lilooil 
is  so  concentrated  ft»  to  acquire  a  tar<like  conniHtcnco  and 
quality.     Wliat   are   the   conseqaences  to  (lie  circnlation  ? 
First  and  chiefly  a  really  euormoDS  increase  of  tjui  fricliona 
rtstHanee  in  tfie  capillarie)^,  and,  as  a  result  of  thia,  such 
considerable  retardutioa  of  the  flo«r  that  the  entire  circnlattoot 
most  suffer  in  the  exli-eme.      Kext,  granted  that  the  loss  of 
volame  is  cotnpcnEated  by  the  adaptation  of  the  arteries  tn 
their  lessened  contents — thoug:h  this  cau  hardly  take  placv 
in  the  severer  degrees  of  concentration — the  delay  of  the 
stream  in  the  capillaries  must  so  reduce  the  amount  of  bhxx}       . 
entering  the  heart  during  diastole  as  to  lead  to  an  importaDt^f 
fmvering  of  the  arterial  pretture.      Further,  the  fluids  bathing ^^ 
the  parenchyma  and  cavitieH  muBt  disappear,  inaamach  as 
they  are  greedily  aucked   up  by   the  oonceDtrated   blood. 
Instead  of  the  codema  of  hydnemia  we  have  here  a  general 
abnormal  dryness;  the  lungs,  musctesj  &c.  lose  th(*ir  natnnil 
turgor  and  acquire  a  leathery  consiHlonce  :  the  serona  ear- 
faces  are  covered  with  a  scanty,  viscid,  tenacious  juice,  wlucfa 
can  be  drami  out  into  threads ;  the  skin  of  tho  whole  body 
shrinks,  and  ac  the  same  time,  like  tho  visiblo  mucona  metn- 
branes,  aoquircs  a  markedly  licid  hue,  owing  to  the  exiretw 
retardation  of  the  blood-stream,  which  allows  of  a  very  com- 
plete  diffusion  of  tho  oxygen  of  tho  blood- corpoaclM.     Tliif,j 
however,  is  not  the  only  effect  oxorted  on  the  blood-corpoHlni 
by  the  concentrated   blood-plasma.     In  most  the  unajboid 
movements  are  greatly  interfered  with,  and  whilo  this  indi- 
cates an   inability  on  the  part  of  the  white  corptuolm  to 
accommodate  themselves  properly  to  their  altered  mediom, 
the  prMence  of  potash  sails  in  the  plasma  very  clearly  afaows  < 
that   the   red    corpuscles  are   still   more   soriooaly   injored. 
Moreover,  Muas  has  observed  in  his  oxperimenta  an  actual 
solution  oE  red  oorpusoles  with  oonsocutivo  lucncylobtuMria.  \ 
No  auch  certain  evidence  can  be  adduced  tu  proof  that  the 
heart  and  vessels  are  iujuriunaly  affooiod  by  m  \o%»  at  wnirr 
from  the  blood.     True^  there  can  be  no  qoueiion  that  tW] 
extreme   retards'  ''   ^'      ' 'I'od-stnuB  in    tin 
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tlie  blood  appears  to  be  always  of  too  transitory  a  character 
to  give  rise  to  lasting  changes  in  tlie  myocardium  or  vessel 
walls.  Where  the  loss  of  water  is  extreme  the  choleraio 
seisnre  proves  iatal ;  bat  when  the  attack  is  survived,  nothing 
can  be  more  simple  than  the  restoration  of  the  watery  con- 
tents of  the  blood  to  its  original  standard  by  the  drinking  of 
large  quantities  of  liquids.  Whether  the  blood  ever  becomes 
so  concentrated  from  profuse  sweating  as  to  lead  to  serious 
circnlatory  disturbance  is  very  questionable.  In  those  cases 
of  insolation,  at  least,  where  the  fatal  termination  is  preceded 
as  a  rale  by  extraordinarily  profuse  perspirations,  we  have, 
coincidently  with  the  anhydrsemia,  the  influence  of  the  abnor- 
mally high  external  temperature,  to  which  the  lion's  share  in 
prodncingthe  phenomena  of  sunstroke  undoubtedly  belongs. 
The  concentration  of  the  blood  due  to  water-inanition  is 
evidently  too  slight  to  affect  the  heart  and  vessels  to  any 
considerable  extent.  As  regards  the  withdrawal  of  water  by 
artificially  increasing  the  difEusion  into  the  abdominal  cavity, 
we  know  only  that  it  may  prove  fatal  to  rabbits,  but  are 
ignorant  of  the  effects  of  this  condition  when  prolonged. 
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Belationt  of  »pledn^  lymphatic  glands,  liver,  €tnd  bons-marrow 
to  the  li/e-hiitortf  of  the  hlood-corptwelti.'—SercnAtrif 
oligofythfRmia  attd  liucorytima. — Solution  of  red  hloud- 
eorpusctea.—Chloroata.—Essentialanxmiat. — ■App<eaTiinr*» ' 
prmented  btf  tht  bloodiii  the  fatter, — Alicrocyt^s.^AtUBmU 
»ploniea.—Pa0udoleuk«mia. — Pcmicioua  tmamia.- 
IfaitnitL, 

Action  of  ansetnia  on  the  cireulatum. 

Fale  of  hactoria  and  hypfiomycette  present  in  Ihn  blwod, 

While  disctisaiug  the  pathology  of  tho  lujuor  ganyuini*] 
we  had  a  toleralily  certain  basis  of  fact  to  go  npoa  ;  bat  tfat* 
unfortoDatoly  is  vory  far  from  being  tbo  caau  when  wn  lorn 
onr  attention  to  tho  morbid  disturbances  to  which  the  blood- 
eorpuifeleB  aro  liable.     As  regards  the  blood-plaitmn,  wo  were 
able  to  state  pretty  nccnratcly  the  conditions  nnder  which  iIaI 
watery  contcntfl  are  increased  or  diminished  ;  bnt  how  impor. 
feet,  on  the  other  hand,  onr  knowledge  of  tho  fato  of  thp 
blood -corpus  cleti  is,  was  lately  pointed  oat  to  yoa.      A  rational 
solution  of  the  entire  problem  cannot  of  course  be  arrived  at 
till  we  become  acquainted  with  at  leant  the  main  ontlinnt  nfj 
the  physiology  and  pathology  of  the  blood,  that  it,  of  ikf 
ergons  en^cu/ed  in  the  production  and  dejttrtietion  of  th\^  hlocd- 
corpwicles  ;  but  so  far,  we  have  hardly  takoii  tli'   '■-  '    'tip»1 
toward  the  acquisition  of  this  knowledge,      I  1  >  >l!0d^ 

attention  (p.  430)  to  the  different  iuterpretationa  of  wfaio} 
the  facta  bearing  on  the  phyaioloyieal  futiclion  •'  *'        'Mrai 
ore  capable,  and  Insisted  that,  a  deHtructioii  uf  n'  ^  -  :twt 

is  the  only  one  of  its  supposed  fouolioDS  which  can  be  di 
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fended  on  solid  grounds.     But  the  rosnlta  too  oE  experiment 
uad  of  pnthoiogy  have  also  bocti  meagre  enoagli,  and  are 
more  cklculated  to  suggest  problems  for  eolation  than  to 
solre  them.     Extirpation  of  the  spleen*  has  often  been  snr- 
vivcd  bj  dogs,  and  a  fow  times  by  human  beings,  without 
^auy  injttrions  rosnlta ;  and  the  enlargoment  of  the  lymphatic 
glands  frequently  observed  after  this  operation  appears  to 
indicate  that  the  latter  take  upon  them  vicariously  the  work 
■  of  the  spleen.      Stimulatiou  uf  the  uer\'eii  supplying  the  spleen 
ctiuses  a  diminution  in  the  nize  of  tlio  organ ;  tlieir  dirisioa 
is  followed  by  au  invTeone  in  ita  $ise,   which  after  a  time 
gradually  disappears.t      But  the  statements  as  to  whether 
tlie  number  of  oolourles-s  corpuscles  in  the  general  circu- 
lation i»  int'rcased,  uuchanged,  or  even  diminished  after  the 
neurotomy  are  so  contradictory  that  no  conolusion  can  be 
drawn  from  them.     According  to  some,  the  supply  of  white 
oorpasoles  from  the  enlarged  spleen  to  the  vascular  system 
more  abundant ;}  acoortling  to  others  there  is  a  storiug 
tp  in  the  spleen  of  colourless  cells,  which  must  of  course  be 
withdrawn  from  other  parts.     In  like  manner,  some  writers^ 
believe  that  the  number  of  white  corpuscles  is  increasod  by 
contraction   of  the   spleen,   oihor«||    that  it  is   diminished. 
Vathologieal    iiulargement*    of   the    spleen,  both    acute  and 
^chronic,  are,  as  is  known,  some  of  the  most  commonly  met 
f-with  changes.     The  acute  form   occurs,   e.  g.   in  infective 
diseases,  and  in  many  iuflammatioas  (cbieHy,  it  is  true,  of  an 
infcvti7o  character)  :  and  a  portion  of  these  hyperplasias  may 
unhesitatingly  be  regarded  as  injiammalonj.     We  meet  with 
chronic  enlargements  of  the  spleen  in  individuals  who  have 
bad  repeated  attacks  of  intermittent  fever ;  as  the  resnlt  of 

*  G.  Simon,  ■  1>.  EsEiirpation  J.  Uilz  aim  Moavck'Q,  Sx.,'  tiioucu,  1857  ; 

EF.  Piilirer  uikI  II.  Liniwig. '  Arch.  f.  [Aji.  HIk.,'  xiv,  pp.  315,  491 ;  Pi'An, 
'L'Cnion  mt!»I.,'  1876,  No,  89;  ft.  Noilopil,  •  Wien.  inod.  Woch.,'   1S79, 
Kas,9 — II;  C»ray,  ibid.,  Nw.  13 — 17. 
f  ScliilT. '  L#9.  lui  1.  plijTff.  it  I.  dit^ect.,'  1S67,  ii,  p-  4111 ;  JiwclikoMritz^ 
*  Vinli.  A.,'  xi,  p.  335 1  Uuelor. '  1>.  Path.  u.  Tberip.  tl.  Lttukmuiiv,'  Berlin, 
1873  i  BnljiKk. '  Virch.  A,'  Isis.  p.  13 1 ;  JenuftUmskr, '  U»b*r  d.  phynol. 
Wiikongeti  A.  Chinin.'  Berlin,  1875. 
J  Ttpohunun',  '  PHiig.  A,'  vUi,  p.  97. 
§  Dtmiloff  und  Botscbelnhkunff,  ■  Med.  Ctbl.,'  1876,  p.  81. 
II  BDlgak,  1.  c. ;  Tuchsaoff  and  A.  Swhd,  '  Arch.  d.  pbya.,'  1673,  p.  324. 
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lasting  Tenons  congestion^  in  casea  of  issnfBciratlf  compen- 
sated cardiac  Ie!>ioDs  and  of  cirrbosis  of  ibo  lircr  ;  in  cerlsin 
■diseasee,  as  the  so-called  ancemiaaplenicji  or  ptiotidoleukieaiia, 
aad  abore  all  in  leakeemia,  where  tbo  organ  may  attain  an ' 
eoormous  size.      But  as  regards  tbe  condition  of  the  blood , 
in  all  these  caeea,  the  greatest  amceivable  differencoa  arv 
met  with.     Id  acato  tamefactioD  of  the  spleea  there  is  o(t«u| 
a    moderate  amount  of  levcocytofiti,  moro  especially   in  Ihi- 
swelling  which  occurs  in  iuOammatioos.     Neither  the  chrotitcj 
tomor  of  intermittent  fever,  nor  that  of  anEemia  tiplonicm  tt] 
nccoiiipanicd,  nny  moro  than  is  the  induration  from  engorge-' 
meot^  by  anmcreaseof  whito  corpuscles  ;  indeed,  GUitement*. 
ore  to  be  fonud  in  tbo  litoraturo  of  tho  subject,*  acoording  lo 
which  tlio  contents  of  tho  blood  in  colourless  cells  Ja  diori- 
nished  both  in  the  acnto  swelling  of  the  intermittent  attack 
and  in  the  chronic  tnmor  of  fever.     In  lenkannia  tho  rerf 
contrary  is  the  case;  for  here  the  white  corposclcs  in  tbe 
blood  ore  regularly  multiplied,  occasionally  to  an   inerodible 
extent — proof  enongh  evidently  that  hyperplasias  of  the  uphwn 
are  of  very  different  dignity  and  importance.     In  what  way 
amyloid  degeaQratioo,  either  of  tho  follicles  or  the  eapillnricfl. 
influences  the  composition  of  tbe  blood  wo  are  altotr^tber 
ignorant.     Atrophic  processes  affecting  the  enti"  do 

not  exist  excopt  in  association  with  general  emuL ...  ...  i^d 

a  correspond  iug  decrea^)  of  the  blood-q  nan  turn ;  so  that  noj 
conclusions  as  to  the  function  of  the  organ  can  bo  drawn 
from  them.  Partial  destrnctiun  affecting  smaller  or  largsr 
sections  at  the  organ,  e.g.  by  infarction, c&o be componsatftd 
aimply  by  tho  Ticarionsly  increasi>d  action  uf  the  remainder. 
Our  knowledge  of  the  physiology  and  pathology  of  the 
lymphaiie-  glandg  is  little  more  advanced.  Here  too  meral 
comparative  observations  of  tho  in6ow)ng  and  ooi 
lymph  arc  open  to  different  interpretations  ;  and  the  :. 
of  the  question  has  scarcely  been  attempted  from  the  ev] 
mental  side,  ^tirpation  of  lymphatic  glands  cannot  of  roni 
decide  anything,  inasmuch  as  numbers  remain  to  step  into  the-' 
breach.  That  neither  the  concentration,  nor  the  qaantitj  of 
colourless  and  red  ctirpuscles  contained  in  tho  lymph  flowi't 
from  the  infiamcd  paw  of  a  dog  is  altered  after  pas«iug  tbroogbj 
*  K«Wh,  'Ardu  i.  pb>*.,*  1876,  ]>.  49a. 
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!io  glands  luui  been  shown  bj  Lassar  ;*  ho  was  also  ablo  to 
•(Intvrtiiino  tlint  tlie  lymph  contained  ia  the  v.  eflerentia  of  in* 
flatiicd  lymphatic  glauds  Is  highly  cuucentrateU  aud  rich  in 
rpusclea.  This,  however,  is  realtor  all  we  know  of  Iho  in- 
flueoce  exerted  on  the  outflowing  lyiuph  by  circulutory  dia- 
tnrbaQces  in  thu  lymphatic  (j'lands ;  the  effect's  o£  arterial  or 
of  passive  congeHtiou,  a»  well  as  of  stagnation  iu  the  glands, 
have  not  been  investigated  as  yet.  Pathology,  thoagh  the 
opportunities  for  occupying  itself  with  the  lymphatic  glands 
are  suQJuioutlj  numerous,  has  so  far  done  littlo  to  elucidate 
their  fuuctiuu.  Kulargementa  of  these  glands  are  perhaps 
still  more  common  than  are  those  of  tho  splccu,  and  may 
either  be  markedly  iotlammatory,  going  on  oven  to  suppura- 
tion, or  such  as  fall  within  the  category  of  tumours,  e.  g. 
lyuiphoinata  and  lympbosarcomata.  All  those  either  do  not 
alter  the  composition  of  the  blood,  or  at  moat  give  rise  to  a 
ceriaiii  amount  of  loQcocytosis ;  while  the  leukicmic  hyjjer- 

Insia  of  the  lymphatic  glands,  like  that  of  the  spleen,  may 
use  an  unlimited  increase  of  the  colourless  blood-corpu&olos. 
Tho  {MitlioIojLfy  of  the  Hvor  will  meet  with  careful  cougidcra- 
tion  later  on  ;  but  unfortunately  I  shall  have  very  little  to  say 
on  that  side  of  its  activity  which  concerns  the  fate  of  the  blood- 
corpuscles.  That  red  corpuscles  are  disintegrated  and  used 
up  in  the  liver  ia  not  iudeed  open  to  doubt ;  yet  we  know 
nothing  whatever  of  the  details  of  this  disintegration,  of  the 

xt4;Dt  to  which  it  takes  place  physiologically,  or  whether  it 
Its  at  uU  iuQuouced  by  |)athological  processes.  Whether,  as 
has  been  positively  shown  to  bo  the  case  during  uterine  life, 
more  particularly  by  Neumaun,t  a  new  production  of  red  cor- 
puscles also  takes  place  iu  the  liver  during  extra-uterine  life, 
— according  to  ihu  view  of  a  few  writers  who  rely  ou  the  pre- 
sence of  certain  slightly  flattened  tolerably  resiiitant  fonns  of 

ed.  cori)uscIeH  in  the  blood  of  tho  hc|iatic  vein— cannot  to  my 

ind  be  denied  or  strictly  proved  at  present. 
Lastly,  fur  a  pathology  of  the  bone-marrovi  a  foundation  of 

act  is  wanting.  As  I  was  obliged  to  confess  on  a  receoi 
occasion,  we  are  not  by  any  means  so  well  acquainted  with 
the  fate  of  the  cellular  elements  of  the  medolhi  as  to  dispense 

*  Immr, '  Viroh.  A..'  Iiii,  p,  i;t6. 

f  Kniffluu.  *  Aivb.  d.  Ulk./  xv,  p.  441, 
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with  h^'potkeeiiB.     The  reasoos  which  jastify  as  in  regsrtUD^] 
tlio  nuclealiod  red   hloiHl-cells  aa  u  [irupaml-ory  Htage  of  Ihit 
noD-Dacleatfid  ones,  I  latel;  comuiuuicuted  to  >'ou  (p.  432J 
and  I  did  not  conceal  the  diTergeucy  of  oj}iuiou  which  all 
preBent  prevails  as  to  the  modus  of  tht;ir  Connatiun.      Accord- 
ing to  one  view  they  arise  by  the  transforinaliou  of  oertuii 
ooloarless  celb,  according  to  another  their  origin  and  muki- 
plication  nra  aappoKcd  to  bodae  tocell-divisiuii.      Intimnlely' 
connected  with  our  ignorance  of  this  sabjeci  ie  the  impoasi-' 
bility  of  stating  with  any  certainty  in  what  relation  the  ooloor- 
less  contractile  mnrrow-colls  stand  to    the   bloody   altlK>agh 
there  is  mnch  to  indicate  that  coloarluss  cells  aro  being  con- 
stantly produced  in  the  mednlla,  that  these  penetrattf  thuj 
capillaries,  and  thns  become  mingled  with  the  blood-Btmun, ! 
Nor  does  experience  of  the  disotuied  bone-marrow  throw  oiuoh ! 
light  on  the  sabject     Yon  will  not  expect  an  iuflumnmtiou. , 
an  osteomyelitis,  to  lead  to  any  alteration  in  the  cuitir 
of  the  blood,  since  it  never  affects  more  than  one,  or  ^.  .: — 
a  few,  ot  the  bones.     And  further,  there  are  tumoura  of  lh« 
mednlla,  e.g.  myelogenic  Barcomata,  which  have  not  the  least 
influence  on  the  blood ;  whiloj  on  iho  other  hand,  wuh  a  Ipu- 
kasniic  hyperplasia  of  the  boao-marrow  thoro  is  found  the 
Bomu  iucreaso  of  tho  white  corpusclci^  as  occurs  iu  the  analo* 
gous  diseases  of  the  spleen  and  lympliatic  glands.     HtiU  lent 
lightj  if  posaible,  is  thrown  on  tho  history  of  tho  colootod 
elomcnts  of  the  blood  by  tlio  pathology  of  tho  bono-inairow. 
Blood-corpu8clc>containiDg  cells,   such   as   hnrc   long  been 
known  in  tho  spleen,  are,  it  is  true,  met  with  in  vnryingj 
nnmbors  in  the  bone-morrow  of  persons  iif!ei*lod  by  very  dif- 
ferent acute  and  chronic  diseases,  more  especially  when  amch 
dated  with  -inuting  ;  they  are  very  common,  for  example, raj 
leukssmic  and  antetnic  cases.     If  these  bodios  bo  left  out 
account,  our  knowledgu  is  reduced  substuuliully  Iu  ibo  singbj 
fact  determined   by  systematic  exuminutioDs  of    the  Ixree-I 
medulla  during  tho  lust  few  yi-ars,  namely,  tho  ovciuTVUMJ 
of  extraordinary  numbers  of  nuclenltH  red  lit-'  - 
tho  marrow  of  individuals  who  have  perishuil  - 
0/  oxlreme  anaemia — individuals  whose  medulla  mi  itvi 

time  of  life  bo  expected  to  contain  only  the  oiiiiiii>ij  uun- 
uuduated  discs,  or  at  any  rate  a  groat  proponderauco  ot  thcwf> 
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I  need  hardly  say  that  a  rational  pathology  of  tho  corpus- 
cxilar  elements  of  the  blood  cannot  be  built  up  on  sacli  foeble 
id  uncertain  foundations.  If  we  ask  ourselves,  in  what  way 
la  uhaugeg  in  the  uauiber  or  constitatioti  of  the  blood-cor- 
"pnscles  c«jmo  about,  it  luiybt  at  first  sight  appear  a  very  simple 
id  natural  cla^silicatiou  of  the  disturbances^  under  discnssion, 
difltinguixb  between  the  noxte  which  act  directly  on  the 
Uure  blood>  uud  tho«o  which  first  affect  tho  blood- producing 
rguia,  and  by  consequence  indirectly  iullueucu  the  blood 
slf.  Neverthelwss,  howovor  correct  from  a  theoretic  stoud- 
kinC  Buoh  »  division  may  appear,  od  atteuipttiigthus  to  aua- 
f&o  the  morbid  conditions  of  the  blood,  we  are  at  onco  met 
tho  most  serious  difficulties.  lu  many  cases  our  know- 
Iga  is  not  at  present  sutlicient  to  enable  us  to  determine 
rith  accuracy  tho  causes  of  these  conditions,  and  this  diffi- 
culty ifi  8till  further  euhauccd  by  tho  facts  that  the  oomposi- 
m  of  the  blood  is  incessantly  varying,  and  that  there  is  as 
result  a  never-ceasing  reciprocal  action  between  the  blood 
id  the  blood- producing  organs,  on  the  one  side,  and  the 
)ntinaoii8  progress  of  the  processes  of  new  formation  and 
Uaintegration  o£  the  blood-oorpuscles,  on  the  other.  For  this 
aasou  a  strict  sopuratiou  of  the  events  connected  with  tho 
latare  blood  from  those  couuccted  with  the  blood-produoing 
rgans  appears  impossible.  Under  thoEO  circumstances,  it 
riU  certainly  bo  most  prudent,  in  discussing  this  subject,  to 
set  out  from  facts,  i.«.  from  tho  observed  pathological  cbiinges 
,  in  the  number  and  constitution  of  the  blood-corpuscles. 
^^  All  these  conditions  have  one  common  chamcter,  uamety, 
^HH«  poverty  of  the  blood  in  normal  functional  red  cor^MwUs. 
^^Henco  they  are  nsnally  called  in  a  general  way,  rtiurmjo*, 
I  although  this  term  should  pruperly  be  restricted  to  tho  dimi- 
notiou  of  the  blood  as  u  whole,  while  the  processes  under  dis- 
I  cuMion  would  be  more  correctly  desigiiaccd  olignrijthtpmias. 
^^Yet  the  latter  are  so  intiiiisitely  rolatod,  not  only  to  the  true 
^Bunmiaa,  but  to  the  hydra'mias  also,  that  it  is  hard  to  say 
^Htthtrru  the  unu  begins  or  tho  other  ceases.  By  hicmorrhago 
^■the  amount  of  tho  blood  as  a  whole  is  first  reduced.  Koon, 
I  however,  the  lost  water  is  restored  by  the  entnuico  of  tho 
lymph  and  chyle  into  the  vascular  system  ;  tho  coh 

scles,  of  which  comparatively  fewer  have  been  lo*^;  -u.^.. 
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of  the  spcciEcall}'  heavier  red  corpuscles,  are  also  mors  qoickly 
replace^]  ;  nnil  tlio  result  iu  a,  conditiuti  of  some  permanenojrii 
characterised  chietlj  by  adtiniDation  in  red  blood-corpat 
which  are^  as  tve  have  seen,  re^neratjed  last  and  raoslsloirly 
of  nil.  Iti  defective  nutritiun  it  issiniitarl;  the  red  corpusdu 
that  suJIer  most  essentially,  apparently  becaQse  such  of  them 
as  are  used  np  in  tiasue-metabolistn  are  then  replaced  with 
extreme  difiiculty.  I'yi-exinI  nfTections  also  exert  an  espe- 
cially dcstroctivc  action  on  the  red  corpuBcles;  and  if  th< 
■organism  has  to  discharge  any  abnormal  teak  whatever,  0.  < 
in  snppnrationorin  thepi^>duction  of  large  and  rapidly  |^«- 
■ing  tumonrs,  the  red  corpuscles  do  not  suffer  least.  Fortbi 
nat^ftl  consumed  in  building  ap  the  tumour  is  lost  to  tiu 
blood-producing  organs,  and  hence  the  red  blood -corpiucle*, 
being  the  laeL  stage  und  at  the  same  time  consummation  oi 
blood  production,  must  chielly  fall  abort.  In  all  the«e  caQ< 
ditions  a  peculiar  Couatitution  of  blood,  agreeing  in  ita  cssoo- 
tial  features,  becomes  established  ;  tlie  blood  is  jHtor  in  roi 
■corpvncle^  and  therefore  presents  a  modei'uto  degree  of 
cytoxis,  while  the  albumen  of  the  serum  is  reduced,  nndaesn 
tain  avwunt  of  hydremia  present  in  consequence. 

But  in  addition  to  thcso  annimias  or  uligocythoimiaa  thei 
arc-  somo  special  processes,  ajtocting  chiefly  the  r«d  blood* 
corpuscles,  which  demand  a  brief  notice.  It  ta  by  no  tneasi 
rare  for  a  unmbor  of  red  corpuscles  to  be  dtMolred  in 
ciroulatiug  btticd,  so  that  their  hemoglobin  is  set  free  in  tbi 
serum.  I  already  stated  (p.  439),  when  speaking  uC  tmiu- 
fusion,  that  this  occurs  when  blood  from  another  Apecies  ii 
introdnced  into  the  vascular  system  ;  but  ns  a  largo  nnmbff 
of  reagents  have  a  solvent  actiun  on  the  blood-corpi 
"■  ?•  glycerine^  ether,  dialilled  water,  the  solution  nay 
pcrimentally  effected  in  a  variety  of  ways.  The  same  rciahj 
however,  ensues  iu  certain  pathologicol  conditions ;  it  ap{ 
,to  follow  snake-bites,  and  occura  in  yelluw  fever,  in  oxt«a-, 
sive  burnt,  but  more  certainly  still  where  «i/(4r<t^(A.'  ^iV^t 
gain  access  Co  the  bluod,  for  there  ia  hardly  a  better  aol^ 
for  blood-corpuscles  than  these  latter.  1  have  on  pi 
occ&aions  partially  describcil  the  immediate  efTects  uf  the  soln* 

lion  in  the  circulating  blood  of  a  tolerably  !■'— -r-  .-..;;-  o( 

.red  blood -corpuscles.      You   will  remember  ut^ 
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t>f  Naunyn  (p.  238)  on  the  acuto  Fonuatioa  of  throiabi,  fol- 
lowiog'  the  injection  into  the  viiRcnlBr  system  uf  tranapareut 
lood,  of  Buch  TcngoDts  a%  rapidly  diasolve  lorge  numbers  of 
blood-corpuscles,  or  cveu  of  pare  btBmoglobia  solution?. 
True,  that  thrombosis  doos  not  nlways  follow  the  entrnnco  of 
e  hmmoglobiu  into  the  scrum  is  not  surprising ;  for  if,  as 
e  have  the  moat  cogent  reasons  for  believing,  the  process 
is  one  of  ferment  inloxieatioit,  it  is  to  bo  inferred  not  only 
that  the  quantity  of  diasolved  blood-corpnsclos  is  one  element 
I  uf  essonti»l  importance,  but  aUo  that,  with  respect  to  tho 
^Bption  ia  the  circulation,  it  is  not  immaterial  by  what  means 
^Hid  in  what  way  the  sohttion  of  the  blood-corpusclc!;  ia  effected. 
^Bkerything  depeudn  ou  whether  or  not  mnclt  fibrin-ferment 
hoB  been  set  free.  Because  blood  that  has  been  rendcrcti 
iransparcnt  by  freezing  i>ossesscs  a  high  fermentative  energy-, 
its  injection  gives  rise  as  a  rule  to  thrombosis,  while  sach  an 
occurrence  is  practically  unknown  when  distilled  water  ts  in- 
LgMcted  into  thu  blood  of  a  living  animal.  The  reaorption  of 
^^^ta  of  tho  bilc-ucids  into  tho  bloody  which  always  attends 
r  any  considerable  degree  of  irtenu  is  also  non-prod  active  of 
this  result,  at  least  in  the  vast  majority  of  cases.  It  ia  most 
probable  that  the  small  quantities  of  ferment,  originated 
daring  the  slow  and  gradual  absorption  of  cholatcs  into  the 
lilood,  aro  at  once  decomposed  by  the  vital  power  of  the 
vessel  walls,  while  in  the  mixture  of  distilled  water  with  tho 
very  little  ferment  at  all  is  produced. 
"We  a!»o  mentioned  that,  when  free  hiemoglobin  enters  tho 
lood-serum  in  large  quantity  in  a  short  period,  it  passes  over 
into  some  of  tho  transudatiouB,*  chiefly  into  the  urine — ha*mr>- 
tfhhinuria  sets  io.  This  condition  entiues  with  such  regnlarity 
4ind  constancy  whenever  red  corpuscles  in  considerable  quan> 
.y  arc  rapidly  dissolved,  while,  on  the  other  hand,  we  are  up 
the  presoot  unacquainted  wiih  noy  other  process  by  which 
entrance  of  haimoglobin  into  the  urine  could  be  brought 
about,  that  wo  hold  onrselves  justified  in  coooloding  even 

•  Vtrchow,  *  De«.  A.,'  i,  p.  379 ;  Kuhne, '  Virefc.  A-,'  xiv,  p,  3a  i  Nannyn, 
l. f.Aiutl.  n.  Phys,'  iS^B.p.  401  ;  Etainur, ibid..  iS73,p.  193;  TWrrliauofl, 
^fliig.  A.,'  ii,  [I.  53  ;  Niinnjn,  \h\A.,  \t.  566  ;  Ho[i|>f-Scyler,  iliiJ..  x.  p.  3o8  ; 
.(JvHianJL,  '  C'orresi"JiI)l.  <1,  tliiiriii^,  ullff.  sntl.  VereiiM,"  ;o  Xuv.,  l8;8i 
il, '  Vtroli.  A-,'  Isxu,  p.  4^;. 
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tbai  enry  liBIDOglobiDara  poiatft  to  a  rapid  dofttructum 
targe  numbers  o(  red  corposcles— «  luatU'r  nbuut  wIj 
will  hear  Dore  in  connection  wiih  tiiu  ]tB,lhology  oS  tii 
It  niUBt  be  carofally  noted,  bowover,  Lhst  for  thu  productiui 
of  hssniDg'Iubiuuriii  the  eolutiou  uf  a  ttnmdcratfr  ifuanltiy 
eorpvBeks  to  »  ahuri  spare  of  time  ts  neoeesarj  ;  the  prvsesco 
of  a  certain  amoont  of  free  ba'mojcflobin  in  tlie  blood-seniH 
is  esBenttal,  and  this  is  not  secnred  when  the  oorpnsolaa  an 
gradaally  dissolred  in  minatt:  portions.  Thtfe  hu  twen  Uw 
most  actiro  dtoonesion  as  to  wbot  takes  plaoe  under  diOM 
circ a m^t Alices,  and  even  now  opinions  differ  ftometrliAL. 
Cortain  it  i&  that  the  appearance  in  the  nrino  of  the  enfottruf , 
matlrr  of  the  bile  has  been  freqocntly  determined  ;  jet 
have  recently  become  awar«  that  cho  excretion  of  biliral 
is  nsaally  preceded  or  Bocompaated  bv  an  excretion  of  Hnrin/piJ 
At  the  same  time  a  yeUow  discoLonralion  of  the  joicesol 
parcDchvma  and  hence  of  somo  of  tbo  organs  and 
them»e]ves  niEiy  take  place ;  this  is  termed  iettric,  all 
here  too  it  is  by  no  means  certain  tliiit  the  colonring 
in  fjiiestion  in  really  bilirabin.  It  is,  morruvur,  still  an< 
queation  whether  the  metamorphosis  of  the  freed  Let 
occnra  in  the  blood  or,  bb  ia  more  probubh-j  in  the  ticsoM 
the  liver^  for  example)  ;  in  which  latter  i-use  tiiL*  passaga 
tho  colon  ring- matter  or  matters  into  the  urine  would 
effeoUjd  hy  reabsorptiun  into  the  blood.  All  ihingn  nat 
dored,  it  certainly  cannot  Im  nffirmt'd  that  the  do- 
htpmntogettMtji  icleriut,  n»  it  i*"  called  Ui  dislinjfaish  ■'• 
mechauicAl,  hepatogenons  janndice,  at  present  ' 
position  of  a  complete  and  well-rounded  dumnin  ol  p:>! 

While  we  w<?pe  able  in  the  forogfiin);?  cases  to  d*,>i<M.. 
without  much  difticulty  the  causo  of  tho  (nlliu^  oS  in 
blood •corjmecled,  we  now  come  to  a  aoriea  of  proceni 
which,  though  the  dimiuutiuu  of  the  coloured  - 
in  none  tho  less  certainly  estnblishud,  the  pal ' 
thu  condition  is  by  no  muuos  satisfactorily  clearod  9\i 
Amongst  them  is  an  affection  which  approach- 
re8p<'ct«  the  severe  forms  of  ictorurt  ju!>i  discu^ 
acato  p}ic)!)pboniH-poisouing.  Some  time  ago  it  wau  ihowi 
by  Bauer''  that  in  this  afTeotioD  tbo  absorption  of  oxygm  maj 
•  B«twr, '  i!*il»i-h.  (.  DioL,*  tU,  p.  sj. 
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bo  redoced  to  nearly  half  its  normal  value  ;  and  more  recently 
A.  Fraakel  and  Ituhmana*  dotcrmiiiod  hj  counting  that  a 
lirogrcBsiTc  doorcase  of  the  red  corpiuclcs  of  tbo  poisoned  in- 
dividuals tnkcs  place — alonrly  at  first,  but  afterwards  qaite 
mpidly.  There  is,  however,  at  prosont  no  certain  indica- 
tion as  to  what  this  very  romarkablo  fact  is  attributable  to. 
Siill  groat«r  interest  attachen  to  certain  independent  eJiroiiie 
diseaees,  of  which  tko  first  I  xhall  mention,  thoagh  so  com- 
mon and  clinically  well  marked,  is  none  the  less  enigmatical 
in  its  essence,  namely,  chlorngt*.  It  is,  as  is  well  known, 
rhiofly  women  whn  are  attacked  by  this  disease — moro  espe- 
cially in  early  life  aboat  the  age  of  puberty;  so  that  the 
liypothcsis  which  connects  it  with  the  processes  of  sAEual 
doTcIopment  was  obrioiis  cnongh.  The  alteration  of  the 
blood  in  chlorosis  undoubtt-dly  consista  in  a  considerable  re- 
duction of  the  coloured  constituents,  so  mnch  so  that  Qoinckot 
found  the  heomoglobin  cont«nts  of  chlorotic  to  be  still  less 
than  that  of  leukeemic  blood.  In  many  cases  of  chlorosis, 
while  the  number  of  the  red  corpuHctes  was  found  to  be  quite 
nnalterod  and  the  diameter  of  the  einglo  corpuscloa  normal 
or  oren  increased,!;  tbo  colooring  matter  contained  in  them 
was  seriously  diminishod.§  Mevorthelosa,  it  would  be  a  mie- 
tuke  to  regard  this  circnmetanco  as  pathognomonio  of  chlo- 
rosis. For  there  is  no  doubt  that  at  least  in  severer  oases 
the  nttmlifr  of  Ihe  red  hhtod-rorpuaelea  is  alao  rettHced,  some- 
timea  extremely  so,  it  may  be  to  loss  than  half  the  normal 
nroonnt.  A  flight  degree  of  leucocytosiR  is  then  present, 
while  at  other  times  the  relative  numerical  proportions  of  the 
two  kind  of  blood. corpuscles  in  chlorotic  blood  do  not  deviate 
from  the  normal  ;  and  the  same  may  bo  said  of  the  albami- 
nonn  and  wntery  contents  of  the  serum.  It  must  be  honestly 
confessed  that  the  caniteof  this  blood-change,  and  its  manner 
of  origin,  are  still  merely  conjt^ctural.  Anatomical  examina- 
_tiou  of  chlorotic  women  has  often  revealed  a  certain  amoaut 
narrowness  of  the  large  arteries  and  thinness  of  their  walls 
ipectally  o£  the  aorta— and  at  other  times  defective  deve- 

•  A.  Fraenkel  n.  Ittihaiann,  '  Z«U»cUr.  f.  i>bya.  CliOD.,*  ir,  j*.  439, 

t  t^iinrke.  •  XtKii.  A..'  liv,  p.  537. 

J  MalwMi;  'Comjit.  rcuil.,'  \xxtv,  p.  .34S. 

§  DtincftD, '  Wira.  aldul.  SIzgib.,'  184S7,  Iv,  p.  516. 
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lopment  o£   tho    genttats ;   bnl  in   the   hsamapuiotic  tn 
□otliing  lias  been  diflcovdrcil  which  would  thi-ow  lif^hl  oa  Ibp 
peculiar  attur&iion  of  tho  blood.     Od   tho  oihvr  Itumlf  the, 
hjng-known  remedial  value  uE  iran^  of  which  Hayom*  cImdi 
to  have  shown  that  under  its  iuBucuco  tho  blood-oorpusdt 
become  redder,  unqae&tionably  favours  tho  ootinu  that  tbnj 
materials  necessary  to  blood-production,  rooro  particularly  i 
iron,  are  deBcient  in  Die  niitriuHtnl  absorbed  by  tho  rli'   -  ■ 
cither  because  too  bttlo  iron  13  takon  in  a  readtt;  ili^-i.    :. .. 
form,  or  beoausa,  aa  Zandert  has  recently  tnuintained,  tlic 
gastric  joice  of  the  chlorotic  in  tiny  poor  in  lifdrochloric  acid.l 
Do  notj  however^  be  led  into  supposing  that  the  proicnt  bUIbJ 
of  oar  knowledge  admits  of  our  giving  a  decisive  opinioii  otif 
the  claims  of  this  hypothesis. 

For  a  long  iirao  past  the  attention  of  phyBiciana  has  bMn 
engaged  by  certain  casos  of  difloase,  which,  whilo  bearing 
general  resemblance  to  the  chronic  sDO^mius,  yet  botray  m\ 
much  that  is  peculiar  in  their  etiology,  anatomical  and  micro-' 
scopical  appearances,  as  well  us  in  their  course^  Lfaal  it  has 
been  tboaght  right  to  expre&aly  distinguish  tlom  from  the] 
ordinary  remaining  forms  by  tho  name,  eascntial  anjgmiaB.i 
The  featnro  which  is  constantly  repeated  in  all  them 
and  which  imprints  ou  tho  wholo  picture  ita  charvoteriiitifi 
expression,  is  tho  decrease  iu  tho  coloured  constituenta  of  tho  | 
blood,  the  hxmogiobm  eonttmU.     It  is  more  difficult  to  dctvr- 
minc,  uD  the  other  hand,  whether  a  diminution  nf  iho  blood 
OS  a  whole,  a  trwr  anromia  is  present — in  favonr  of  which  the 
post-mortem  examination  seems  in  many  oaaos  oloarly  to 
speak — or  whether  a  morhld  eonditiun  of  tJui  rMJ  hlaod-tar'- 
piucUs  is  the  only  factor  at  the  bottom  of  the  ratiru  diMue. 
Jt  has  repeatedly  been  made  out  that  the  red  eorpusclai  are 
paler,  and  therefore  contain  less  hmmoglobin  than  nonnal. 
Still    more  frequently,   however,   there   has   been    fount!   • 
reduction — ofteu  very  considerable — id  the  number  of  thfr< 
corpuscles  contained  iu  the  blood  of  these  patients :  it  nuiy 

perhaps  be  said  that  this  oiigoc^lhxmxa  is  never  "i •  n> 

pronounced  cases.     Were  this  all,  you  would  bv  .  .in 

asking  for  wh&l  reason  should  these  essential  ansiuaiaa  Im 

•  ffftTcm,  'Conipt.  rffnJn'  Ix««ui,  [i.  pSj. 
t  Zftiider,  *  Vireb.  A ,'  Ixiilv,  p.  17}. 
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iliBtingaisbed  from  chlorosis.  There  is,  howovor,  a  large- 
Dombor  of  facts,  proving  only  too  clearly  tliat  those  cascx 
haTfl  DO  connection  wlmtcrcr  with  ordinary  chloroeis.  It  is 
at  the  ontact  sufficiently  remarkablo  that  tho  eeiscntial  ante- 
mtna  are  by  no  means  so  regularly  oonSned  to  the  poriod  of 
pnberly  in  tho  female,  bnt  may  bo  observed  at  all  ages  and 
in  both  sexes.  Furthermore,  experience  haw  bnt  too  fre- 
'jaenily  shown  that  the  essential  anfemins,  in  contrast  to 
chlorosisj  manifest  themselves  as  severe  diseases  which  defy 
all  therapeutic  measoren,  in  particular  the  treatment  by  iron, 
and  in  the  majority  of  cases  directly  lead,  after  a  short  or 
more  protracted  course,  to  a  fatal  termination.  Add  to  this 
that  microscopic  examination  of  the  blood,  which  has  natu- 
rally boon  considered  tho  best  oioaDS  of  obtaining'  iufoiina- 
tioUf  reveals  some  pocoliaritiea  which  are  not  fouud  in 
chlorutic  blood.  Remarkably  small  red  blood-corpuscles,  so- 
called  microiytes,  havo  repeatedly  been  seen  in  those  cases. 
It  baa  iadeed  long  been  known  that  tho  sizo  of  tho  rod  cor- 
j>uscle8,  circulating  in  tho  blood  of  the  same  individual,  is 
not  absolutely  uniform,  and  that,  scattorcd  amongst  the  vastly 
preponderating  majority  of  ordinary  red  corpuscles,  there  are 
always  a  few  disks  whose  diameter  is  considerably  l)elow  the 
average.  Manassein*  has  discovered,  by  a  series  of  direct 
erperiments,  that  the  blood  •corpuscles  of  healthy  animals 
undergo  certain  variations  of  bikc  under  tho  influonco  of 
manifold  agencies' — such  as  alterations  of  tho  gaseous  con- 
»nis,  of  temperature,  the  addition  of  some  reagents,  &c. ; 

these  the  itirninution  in  the  atzt  of  tho  corpuscles  in  pyrexia 
and  in  dyspnceic  blood  is  probably  the  most  interesting.  Yet 
the  small  corpuscles  of  healthy  or  of  pyrexial  blood  cauuot 
compare  with  the  microcj'tes  of  essential  ana>mia.  The  latter 
fall  very  considerably  short  of  the  fize  which  Manassciu  suc- 
ceeded in  producing  experiuieutally.  Diameters  of  from  2  to 
4  fift.  hove  been  meaaured  by  various  obsorvora,  not  merely 
iu  a  few  corpuscles,  but  often  in  large  numbers  of  them  toge- 
ler;  the  great  majority  even  of  tho  coloured  corpuscles  may 
ire  the  dimensions  just  named.     With  their  reduction  iu 

9,  the  blood-corpuficles  lose  their  discoidal  Term  and  cen- 

I*  Uuutawin,  '  UeUt  d.   Dinu^iudonon  tl.  rotboa  BlDtkSrpertbeo  ant«r 
chiedestB  EiidluM«n,'  1S73;  'Med.  Ctbl.,'  1871,  p. 689. 
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trel  depression.  Thej  becomo  g^lubnlar  and  qtiile  simnw  in 
tliose  which  M,  Schnlze  has  taaght  iia  to.  separate  from  11h* 
normal  blood-corpuacles  by  raising  the  («mperattiro  ;  thoy 
nerer  show  a  teadency  to  arrange  theu«elvoa  in  rouloanx.  Tn 
colour  they  arc  oi^rasionally  nniform  with  normal  <■  1  ■■%, 

or  evou  of  a  Rtilt  deeper  red;   but  tbey  are  itilnu  Ay 

paler.  The  statementa  put  forward  in  tho  literatDre  differ 
extretnely  as  to  the  relative  qaantities  of  micrneytes  prenrnt 
in  the  various  cases.  Etchhorst*^  loolca  upon  thorn  as  a  eoB< 
Btant  ^tor  in  so^alled  pernicious  aniomia.  and  considen  that 
they  are  present  in  quantities  directly  prop  '  '  :  i!ii? 
seTerity  of  the  case.      By  othersjf  not  only  is  ;■■  tr^ 

mcnt  disputed,  but  deabt  is  thrown  on  their  constancy  in  (ho 
disease  jast  named.  Vanlair  and  Masiust  found  eoormooB 
numbers  of  them  in  the  b1oo4  of  a  woman  who  presentetl  tbe 
symptoms  of  general  anwmia,  but  who  nererthelesa  completely 
rccorercd  after  au  illness  uf  some  months*  dumtiou  ;  in  this 
coBo  the  microcytes  gradually  gave  place  to  ordinary  bloud- 
corposoles.  The  transitory  appearance  of  mierocyten  has 
been  witnessed  in  chronic  amomias  and  during  convalesonoo 
from  serere  diseases  by  seveml  other  obBerrara — ^most  strik- 
ingly by  Litten^  in  a  phthisical  patient  aged  twonty,  vith 
greatly  enlarged  mesenterie,  cerriral,  and  axiUary  glands. 
An  examination  of  the  blood  carried  out  four  days  beforft 
death  revealed  almost  nothing  but  ttraall  red  microeyt«a.  of 
which  nol  a  irne*-  could  be  fniind  eithorbL'foro  nr  ■*'  ^\ 

althoHgli  the  FHcceo<ling  examination  was  anden  ;-.«■ 

only  three  hours  had  elapsed.     If  the  obtenratton  uf  this  caM 
was  correct,  it  is  certainly  eminently  calculated  to  throw  di>- 
credit  upon  stogie  examinations  of  the  blood,  and  ut  any  cale 
to  tncalcate  caution  in  drawing  oonclutiious  thorofrom. 
There  have  also  been  seen  io  ih9  blood  ol  aniemio  pcraons 

*  Kiclihont,  *  M«d.  Ctbl.,'  iSjiS,  p.  4651  *  Die  pro^mnrs  [wrakidw 
Jknlmie,'  Leii»i(t.  1878. 

t  BMmitviti,  'HtI.  Itlln.  Wood..*  1877,^0.  9:  Lkten.  i>  it}i 

L^pilM,  *  Iter.  inpn.incll«.'  1877,  No.  a;    Quincke,*!).  A.  i  <!.,' 

IX,  p.  1. 

I  Vanlurvt  IIhio*,  '  Bull,  de  I'raJ.  dii  tuM.  de  Bctgiijuo,*  v.  ^  •^rie.lfo. 
6,  1671. 

%  Uttdu.  *  B«r).  Urn.  Wooh.,'  1R77,  No.  i  1  rf .  sIm  tfao  dnnirolairfttla 
ef  Ii^lns  and  Gonuont, '  Otii:.  iofd.  io  Pirli.'  (^77,  Ko.  18. 
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bi<tcuU>  or  dab-  and  bottle-akaped  blood-corposolesj  &a  well 
fta  corpascles  witb  so  deep  a  ceutral  ileprcsaion  that  a  com- 
plet«ly  aimtilar  form  was  tbe  result — and  this  by  such  good 
observers*  a«  apparently  to  exclude  the  possibility  that  tbe 
tcration  in  bliape  n-as  due  to  the  method  of  preparation, 
o  such  duubt  can  suggest  itself  with  regard  to  the  occnr> 
roQce  of  conspicuoualy  large  red  blood-corpuscles  which  hare 
repeatedly  been  found  in  anietnio  bloody  and  tbe  same  may 
be  said  of  the  sharply  characterised  aad  absolutely  uumts- 
takable  nueUated  red  blcod-eorpuselea.  Yon  sM  how  great 
are  the  differences  in  tbe  form  and  size  of  tbe  corpuscles,  and 
bow  Tory  right  Quincke  is  in  speaking  of  a  poikilocytosis  iu 
anictuias.  If  wo  except  a  few  older  isolated  obaerrations  on 
the  blood  of  lenkiemia,  the  nucleated  red  corpuscles  were 
£nt  seen  by  sweral  obserrerst  iu  the  blood  of  individuals 
t«r  death  from  pernicious  aniemia.  More  recently,  bow- 
ever,  EbrlichI  has  succeeded,  through  tlie  employmoot  of 
improved  metbt^s,  especially  the  judicious  staining  of  pre- 
pnratioDs  of  dried  blood,  in  determining  their  presence  iu  the 
living  dui-iog  a  longer  or  shorter  period  ia  all  cases  of  severe 
aniDmta. 

Are  these  results  sufficient  tu  allow  of  our  constructing  from 
em  a  special  group  of  diseases — the  essential  autemias  ? 
'or  a  long  time  it  appeared  so,  and  Kicbhorst^  believed  he  had 
dutcovered  in  the  presence  of  the  microcytos  a  pathognomonic 
sign  of  idiiipathic  essential  aiiEomia.  Yet  the  erroneons- 
ne&a  of  this  view  might  have  been  apparent  from  the  first. 
For  not  only  are  the  microcytes,  as  already  stated,  absent  in 
iiiny  esses  of  extreme  pemicions  aniemia,  but  it  has  further- 
ore  come  to  light  that  identical  forms  occur  in  anmmias, 
which  the  previous  history  of  the  patients  most  clearly  show 
bare  been  secondary  ;  Quincke's  numerous  clinical  records 
ord  the  moist  conclusive  evidence  of  this-     With  the  nu- 

Qoinck^  '  Vo1km.]Vortr.,'  No.  loo ;  '  D.  A.  (.  klio.  Hed.,'  ii.  p,  I  ,xxt. 
567;  Lilten.  1.  f. 

t  Cwlmh«iin,  '  Vireh.  A.."  liviit.p.  191 ;   Lilt«i»,  '  Berl.  Uin.  Woeh.,'  1877, 
19. 

£hTlicb.'0«srn«h.d.Ctuirit^AeRte/io  Joni,  1880,  ia'B«rl.  klin. 
b..*  t8So.  N'ci.  iH  ;  Litten, '  Beri.  klin.  Woch.,'  1880,  No.  49. 
kblioret.  '  M^.  CU)l,'  1874.  p.  4<>5:   'Di«  progreuire   pernkidM 
>,'  Lvipzi);.  i3;t>. 
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clented  corpiucleA  it  ba.i  ferod  no  b#ttar.  For  bll  the  hopM 
o£  an  expIanatioD  of  tbiii  L-ni^matical  diseeae,  wliiefa  ^'  '^  i;] 
excited  bj  their  discovery  in  tin;  blood,  and  titill  an 
boDO-marrow,  of  persons  dead  of  pemicions  Bnemfa,  havt.> 
tamed  out  fallncious.      Elirlicb*  ha»  foimd  ('  '  deiMtitii 

in  tha  blood  of  all  highly  ano^iuio  patients^  wh'    '  ''BiijvnK 

was  tranmaHc  or  esBontial.  Trae,  he  distingoisbeB  levei 
varieties  of  imclnated  red  blood-corpUBcles  according  to 
size, — some  uniform  with  nriniinl  rod  corptiHsIos,  Lensod 
him  Hormohlanta,  other  larfifvr  forms  called  megatobloMU,  and 
oxirpmely  rare  smaller  formB,  microhjrvtlif.  When,  howeter, 
ho  further  states  that  in  Rimplu  traumatic  anoBmiaa  it  is  olraost 
oxolaairely  normobloHts  that  circalale  in  the  bUud,  and  Llut  i 
the  projfTosRivp  anffimias,  on  i\w  pnntrary,  the  megiUoblici 
preponderate,  this  fact  does  not  afford  us  any  information  u  tn^ 
the  tiatnre  of  the  essential  ancemiairi,  but  is  only  in  a  raeaaant 
a  frofth  si^  of  the  gradually  fatal  pro||rrps»  of  this  iIi»<>aH>. 

E»en  if  you  should  resort  to  the  clinical  co«r«*  of 
malady,  the  history  of  the  patient,  and  the  anamnesiA  for  aid 
jOQ  will  sometimes  find  it  difficult  to  decide   whether  Ui< 
untemia  should  be  regarded  as  secondary  or  tm  eissentiuL     Tl 
course  of  the  process  cannot  help  you  to  a  oonclasion, 
essential  anemias  may  bo  reeorcrod  from,  and  the  stvt 
forms  may  terminate  fatally.      Still  li?«s  enu  Ih*  attoii 
obserration  of  the  patients  and  by  determining  the  morfc 
symptoms,  presented  especially  hv  the  vawcnlar  wyBletn.     P« 
the  action  of  both  forms  of  aniemia  on  thf<  or^rniis,  and 
lioularly  on  the  circulatiou,  must-  necessarily  be  the  san« 
most  respects  ;  so  that,  ordinarily,  the  diffcrcneea  occorrir 
in  varions  cases  of  antcmia  are  merely  differenor*  of  di 
With  respect  to  the  anamncAi!),  it  '\»  true  thai  in  many  n 
Oiere  is  no  difflcnlfy  in  discoverinpf  the  cause  of  the  aff« 
to  havo  been  severe  hwnirtrrliage,  antctwdtinr    •■■r.. 
soTore  pyrexia]  diseaAes,  orother  abnormal  blood-  ^^ 

or  imperfect  nutritiun,  ic. ;  and   in  such  case*  «o  on«f 
hesitate  (o  regard  the  anaemia  as  secondary'.     On  the 
hand,  we  suspect  an  ansoinia  to  be  esavntial  whvn  it  has 
loped  insidiously  and  gmdnulty  in  uidividuals  whu  tJtl 

•  EWlidi,  "OflntlBcli.  d.  Chiriti^-Apnt^"  ro  Jimi,  1880.  tn  'IVri.  kCaT 
WixtL,'  1 890,  2fo.  38  i  Litt«u,  ■  BctL  klia.  Wocb.,'  iSSe^  Ve.  49- 
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have  boen  healtliy  and  robimt,  ita  tlevelopmpnt  being  dne 
^either  to  no  discoverable  cause,  or,  apparently,  to  the  ioQueuce 
'of  fnctorswhieh  do  not  genornllj exert  any  considerable  effect 
oil  the  blood,  such  as  prf>giiancy,  the  puerperal  stato,  and  lac* 
tatton.     But,  if  we  wioh  to  be  honesty  wo  mast  a^k  what  is 
juiiint  by  the  exprespiou  "  no  canso,"  and  by  this  reference 
[to  factors  generally  so  innocent ;  do  they  not  amount  simply 
'to  a  ooiifesaion  of  onr  ignnranco  of  the  true  cause  of  the 
lantomia  iu  qaeation  f      May  not  the  preaent  ease  have  aome 
■analog  with  that  of  the  idinpathic  and  douternpatliic  cardiac 
hypertrophies  f     With   th<>  increase  of  oar  knowledge  the 
donmin  of  the  fonncr  has  becomo  more  and  more  restricted ; 
who  would  at  present  undertake  to  decide  whether  a  Etimilar 
fate  doTH  not  await  the  e^tnential  nnff^miaR  ?      We  are  already 
in  posst'ssion  of  a  commnnication  from  Klobn* — a  very  apho- 
ristic one,  it  is  true, — according  to  which  he  fonnd,  in  a  series 
of  cases  of  pernicions  nnannin,  the  blood  presenting  minnte 
^organisms,  identical  with  those  which  he  had  previously  ob- 
lorvcd  in  scorbutic  persona  (cf.  p.  395),  and  called  by  him 
cercomonaa  globulus  and  c.  navicnia.     They  were  present  in 
such  numbem  that  he  felt  himself  juotified  in  attributing  to 
them  a  determining  influence   on  the   whole  dioease.      Ue 
Lelicres  that  the  eemmtonadt'  tuing  abtmi  the  diHnleffration  of 
th*!  hl4?n(i-cor}m}if{rii  dircftlff  by  breaking  them  up  into  larger 
I  or  smaller  frngments,  the  so-called  miorooytes.     Another  pos- 
aibibtyia  that  the  prime  alteration  in  many  of  these  anfcmiaa 
■  does  not  first  involrc  the  corpuscular  elements  but  the  blood- 
laemm,  and  that,  only  in  consoqaonce  of  tho  abnormal  com- 
l^onition  of  the  latter  do  tho  corpuaoles  become  sympathotii- 
'mllv  affected.     They  might  then  undergo  subdivision  into 
fragmenta  of  various  shapes  in   a  manner  similar  to  that 
which  we  know  to  occor  as  an  effect  of  high  temperatures  or 
indu<rti«m   iihockR.     This   idea,  whicb  baa  been  adopted  by 
Ehrlicb  and  others,  is  at  any  rate  deserving  of  attention. 

Tet  t  iihould  be  sorry  to  create  the  impression  that  I  abso- 
lutely (li»iputed  the  po<)<)ibility  of  an  essential  anaemia.  No 
[rational  objection  could  be  raised  to  the  application  of  the 
ttertn  *'  essential  "  to  those  ausBmias  which,  according  to 
iKIebs,  depend  on  a  direct  disintegration  of  the  blood-cor- 
*  Kleba,  "Art.  flagellatV'  ">  KDlenbnrg'A  'Bcalencj-c^wrlic.' 
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poficles  by  iofectivo  organiams.  For  if  it  Iw  a  fact  that  Uui 
other  organs  and  tissued  do  not  nufTor  nt  all,  or  uro  only 
secondarily  affected,  it  is  plain  that  we  are  dealing  with  a  blood* 
diwase  tn  optimaforma.  Witbin  the  lant  few  years,  bownreTj 
it  has  become  customary  to  condue  ibe  term  e<)acntia)  antetni* 
to  those  conditions  in  which  we  consider  there  is  ground  for 
jiasuming  that  the  g«ne«Uo{  the  blood -corpuscles  lakes  plam 
ia  an  imperfect  mtiuuer,  owing  to  tho  disturbing  infliionoe  ut 
Bome  pathological  factor  or  other,  i.  e.  to  €iisf-n*tt  nj  thn  hmmtt- 
^Oietic  organs.  With  our  knowletlge  of  the  subject  in  (bia 
ttiuiatiafactory  slate  you  will  not  bo  Ukely  to  iudalge  in  ex* 
travagant  expectations  ;  and  I  willingly  confess  at  the  outstC 
that  I  can  offer  you  uo  more  than  a  few  rough  psthologico* 
anatumical  data,  which  do  nut  alhiw  even  of  an  alttrmpt  at 
explaining  and  formulatiug  their  couuocli'iu.  Some  of  tha 
experiences  in  question  are  pretty  old.  The  name  nuAaim 
■9.  aruBmia  splenica  has  lung  been  applied  to  rertain  chronic 
amentias  in  which,  beside  the  blood-change  and  certain  cxindi- 
tiona  fbUoviog  and  deftendiug  on  it,  the  only  abuorraality  foaod 
is  a  spUiiie  iumor,  whuHo  dimensions  are  sometimes  very  con- 
siderable. True,  the  attempt  to  draw  a  sharp  histological 
distinction  between  these  and  other  chrouio  hyperplaaiaa  of 
the  »pleen  has  been  hitherto  unsncccssful  ;  thuN,  for  instanc*, 
tho  blood-corpuscle-contaiiiing  cells,  which  occur  in  larga 
numbers  in  the  spleen  of  anaitmia  splenica,  are  also  found  in 
this  organ  in  leukoemin,  fevers,  SiC.  Still  wo  have  here  a 
pronounced  pathological  condition  oocorring  in  on  organ 
whose  intimate  relation  to  the  formation  (or  destiacUcai}  nl 
the  blood-corpuscles  is  established  beyond  oil  doobt.  Tn 
the  aainv  category  belong,  further,  certain  cases  of  tbe  ni2«Mm 
of  Troussoau,  Uodgkin's  disease,  or  ptwtdotculatfnia.  Sona 
caru  is,  however,  called  for  to  avoid  placing  a  fako  oonatnic- 
tion  on  them,  till  the  observed  material  ba8  been  mora  eritte- 
ally  sifted  than  horetoforo.  For  Virchow*  has  rightly  drawn 
nttonliou  to  the  fact  that  thoro  has  crt.-{>c  into  tli  -m 

of  the  subject  a  number  of  cases  which  roust  nndu^ :.j  be 

classed  with  lymphoenreomatoatM,  i.e.  ft  procasi  of  tumoar> 
formation  which  will  occupy  our  attnitinQ  further  on,  and  lo 
which  general  ansemta  is  no  more  intinuttirly  rohuo<l  than  ll 
*  Virchuir.  *U<Kliirnlit«,'  U.  p.  6191 
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is  to  ever;  sarcomatosiii  or  carcinosiB  of  equal  TDaltgriant?;.  Of 
the  cases  reiuainiDg  after  the  exclusion  of  these,  some,  it  geems 
to  me,  have  a  i<pecial  bearing  ou  the  question  now  before  ns— 
cjisos  in  which  there  is  found  post  mortem  a  widely  dl<;tnbut«d 

L|iyi>erplasia  of  the  lymphatic  glands  and  follicles,  frequently 
tihsociated  with  enlargement  of  the  spleen,  and  abundant 
cellular  infiltration  of  the  hepatic  and  retial  interstitial  tis- 
lueR.  The  chang'es  are,  in  fact,  identical  with  those  of  true 
ikieraia,  though  the  number  of  colourless  corpuscles  con- 
kined  in  the  blood  is  certainly  not  increased ;  this  fiujd  having 
the  charactem  already  described  as  belonging  to  chronic 
laemia.* 

If  I  do  not  greatly  err,  that  form  of  auiemia,  which,  after 
the  example  of  Bienuer^t  is  usaally  called  jrrogrBfsive  pemx- 

^ciutu  atiiemia,  also  supplies  its  contingent  to  the  oesentiml 
uD{omtai<,  in  the  strict  sense  of  the  term.  Ilero  it  is  neither 
the  lymphatic  glsuds  nor  the  spleen,  but  the  bone-marrow 
that  is  strikingly  altered.  In  a  number  of  the  most  typical 
OAsw  of  this  disease,  at  any  rate,  the  bone-marrow  presents  a 
condition  differing^  couspicnonsly  from  the  normal;  for  the 
isoal  yellow  colour  and  fatty  shimmer,  observable  oa  a  rnlo 
the  medulla  of  the  long  bones  in  adnlts,  is  in  them  re- 
plnced  by  a  dark  rurmine.  hue  which  to  the  naked  eye  exactly 

'reminds  one  of  raspberry  jelly.  This  character  is,  if  possible, 
still  more  conspicuous  in  the  spongy  bones,  so  that  the- 
iiodullu  tlironghout  the  entire  skeleton  presents  the  sharpeet' 

'^coutriist  to  the  extreme  pallor  of  all  the  remaining  organs 
and  ti^tsnes.  Since,  some  years  ago,  this  condition  of  tb» 
>ODe-marrow  was  for  tho  first  time  observed  by  myself  in- 
lu  exquisite  esse  of  pernicious  aofemia.t  it  has  so  frequently 
been  seen  by  numerous  observers  in  all  countries,  that  its 
>ccarreuce  in  this  disease  cannot  possibly  be  accidental ;  the 

•  H.Kjgkiu. 'Mcd.-CIiir.  TfttDMct.,"  1831.  ivii,  p.  68;  WgnderlicU. '  A.  f. 
phji.  HIU./N,  F.,  ii.  p.  133; 'Arch.fl.  Hlk..'viJ,p.53l  :  CoIinli«iin. '  Viieh. 
«iiii.  p.  451 
t  BieriBer, '  &liweit.  Coit.-B1.,'  ii.  No.  1 ;  H.  Miillcr.  •  Di«  proifraauTs 
rrtuviMe  Ajiiimitv,' Zitiicb,  iS]7  i  Ou»»erotr,  'A.  f.  Qjrumk.,'  ii.  {>.  ai8i 
tmnurtDaan, '  U.  A.  f.  klin.  U«l.,'  zlii,  p.  309;  Qai»cli«,  Litteo,  Eicbbont. 
!pin«,  I,  r. 

I  Otilmlwho, '  Vircli.  A.,'  Ixviii,  p.  291 ;  Litten, '  B*i-I.  llin.  Woeb./  1871s. 
(a.  19. 
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only  qaeHiion  is  as  to  the  nature  uf  tho  oonaection.  I  raj- 
ee\i  ori^niilly  thought  that  Rpecutl  itiiportnnri?  shimtd  lie 
attached  to  the  nucleated  red  corpuscles,  htr}^  iiuinWr«  tif 
which  were  preeent  in  the  red  marrow  ;  and  thui  fact  baa  been 
confinucd  by  iJniost  all  observers.      Slill  thi<ii-        '  ic 

aigttiiic&Dca  for  peruiciouH  aiiff^niia  has  bocu  di-i  lo 

groand  that,  aa  yon  are  already  aware,  tbs  Tory  kuciim 
uiiclcated  bloud -corpuscles  aru  mvl  with  iu  Htuallcr  ur  largvr 
uuuiberK  in  thu  Uone-iuurmw  ia  all  poB&iblu  variutiua  of 
aaafmia.  Xu  the  most  differuot  acute  aod  cUronio  Wasting 
diBeaaes,  auch  as  phtbisia,  caucur,  dysuuti-ry,  typhoid,  thuy 
have  bt'vu  fouud  ia  the  mudullu  Ij^v  Nuumnuu,*  LilK-n  nud 
Ortbft  oud  others.  And  aiuco  the  authoru  hut  named  hnvo 
discorered  large  numbers  uF  nucleated  blodd-t^orin  ia 

the  marrow  of  old  dogs  after  rep<^ated  and  copious  I '  ^h, 

it  would  appear  almost  as  tfaoufj;h  no  oxcvption  coald  bo 
taken  to  the  view  maiutaitied  more  es|)fcially  by  Nettinano, 
according  to  which  the  presence  of  nucleated  blood-cells  in 
tho  bone-marrow  of  adnlts  ia  the  sign  and  ae^irmaioti  pf  » 
rapici  regeneratio}t  of  Ulood-ci/rpuwlai^  and  conwi'  ■  'u 
p«mictoiu  anasmta  also  is  a  more    result  of   tlit.-  j. 

StiU  I  cannot  regard  the  entiro  quoition  aa  aettlod.  Th« 
chief  difficulty  in  all  oxaminations  of  the  boncx,  and  uiuro 
eapQcially  in  drawing  concluBioutt  from  ejiperimonu,  \%  tho 
fact  that  an  examination  of  one  or  leveral  bones  nJforda  no 
sort  of  guarantee  for  tho  condition  of  the  rtTiuain  -i. 

During  the  course  of  some  exporimenift  carried  out  L^.  i-:_-ko 
on  dogs  ID  my  institute  in  Bi-eslao,  1  waa  able  to  aatiafy 
myaetf  that  tho  differencoa  in  tho  marrow  of  the  variuut 
bones  uf  the  skeleton  are  ao  great  that  one  ia  nut  juatifivd 
in  concluding  from  the  examination,  aay^  of  a  tibia  prior  \o 
the  witbdrawnl  of  blood  and  uf  its  fellow  some  time  after  the 
withdruwalf  that  any  departure  thai  may  happen  to  be 
noticiMl  in  tho  condition  of  the  latter  ia  certainly  aitribotabl^ 
to  the  blood-IosB.  i)ut  however  tJii-t  mny  be,  if  l,buy  bu 
right  who  see  in  tho  appearance  of  nuolented  rod  bloud-cvOls 
in  the  marrow  and  oiroutating  blood,  an  unequivocal  tign  »f 

•  Nearoann,  •  B*»l.   Min.    Woch.,*    1877,   Jfo.  471    DbwliBiKan,  'A.  iU 
H«iUt..'iix,  p.  495. 
t  Litteo  u.  Ortb.  'Bert  klin.  Wooh.,'  1S77,  N<x  51. 
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An  abtiormolly  increaged  prodncttuu  of  red  blood -corpuscles, 
(.  r.  an  effect  of  the  ntiiemiii,  ttiill  this  by  no  menus  iniplioH 
that  all  the  abnormal  prvpcrtifji  0/  the  botiH-marrow  are  nr.rtm- 
daritif  twtditumed  bif  the  a-nannia.  The  dark>red  uoloar  and 
tiio  riohuosa  in  nucleated  bluud-curpuscleB,  do  nut,  tut  I  may 
statu  umpliatically,  ooiucide  ;  rather  a  dartc>rcd  lueilulla,  by 
no  iDoaDs  rich  in  these  oelU,  10  often  enongh  met  with,  wbilcj 
on  the  other  band,  large  numberH  of  sach  corpuscles  are  often 
found  in  much  bright-er  i-od  or  even  greyish-red  marrow. 
More  importance  attaches^  il  seems  to  me,  to  the  abnormal 
density  of  the  dark-red  mcdolU,  the  abnormal  richueas  of 
which  in  cells  is  undoubted^  since  all  the  fat-cclU  have 
gjren  place  to  the  specific  medullary  elements.  Can  it  be 
•apposed  that  sacb  a  cellular  hyperplasia  is  really  of  no  im> 
portance  for  the  composition  of  the  blood  t  I  am  not  dis- 
posed to  Bssumfij  however,  that  the  blood  acqnirefl  tJie 
ebaract^rs  of  severe  auiemia  unly  in  consequence  of  this 
particular  alt«ratiun  of  tbu  medulla.  Tbere  is  no  dearth  of 
Other  pathological  appearances.  Thus  Grawitj&*  has  de- 
soribod  Mverat  cases  of  pernicious  ansemia,  where  the  post^ 
aiortem  examination  revealed  multiple  sarcoma-like  tumour- 
formations  of  the  bone-marrow,  or  a  peculiar  alteration  in 
which  the  medulla  was  almost  liquid  in  cotisistence,  and  of 
A  dirty  grey  colour  with  portions  of  greyish  yellow  inter- 
spersed. For  thoso  cases — without  giving  any  reasons — he 
has  chosen  the  namn  of  malignant  osteinmyelitis.  Uow 
much  is  lacking  in  all  these  ubscrvntions,  and  how  little  they 
-are  capable  of  being  ntili&ed  for  a  satii^factory  scientiGc  ex- 
planation of  the  anssmia,  I  do  not  fail  to  perceive.  Still  I 
am  nnwilling  to  set  a  tower  value  upon  them  than  oq  the 
hypertrophy  of  the  sploon  and  of  the  lymphatic  glands  in 
cachexia  splenica  and  pseudoleukiemia ;  and  taking  at)  in  all 
it  may  not  be  hazarding  too  much  if,  in  addition  to  the 
auieuiia  splenica  and  the  augamia  lymphatica,  we  efltablish  a 
third  category,  the  anxmia  intdullarit. 

But  the  consideration  which,  more  than  all  others,  weighs 
with  me  in  making  affections  of  the  baemapoielio  organs 
answerable  for  the  antumic  quality  of  the  blood  ia  the  exis- 

•  Gnmtx, '  Tireh.  A^'  lnvi.  p.  353. 
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tence  of  that  disease,  whicb.  since  Yirchow*  deMtibeel  H«1ift» 
borne  tho  imine  leuhtevna,  Trae,  it  is  not  tinul  to  duenit 
leakasmia  in  coDnectton  with  tbo  aiiiBDiias,  f or  the  reaaoa  that 
the  poverty  of  Ifao  blood  in  rod  corpuscles  is  completely  over> 
FhadoTved  by  the  ineretue  in  coUmrleu  wilt.  In  lenkntnir 
blood  the  quautity  o(  while  corpascles  is  so  eoomoas  that 
the  change  from  an  iDtense  red  to  the  colour  of  chocolate  pre* 
[>ared  with  milk,  or  in  extreme  cases  even  to  that  of  pus,  i» 
qnite  perceptible  by  the  naked  eye;  while  in  blood  drawn 
from  a  Teio  the  proportion  of  white  to  red  oorpnaoles  is  one 
of  the  former  to  twenty  or  thirty  of  tho  latter,  and  in  the 
Bererest  casen  one  to  two  or  three.  We  have,  noTertheloss, 
a  perfect  right  to  rank  this  disease  with  the  truo  ana-nuas. 
For  no  one  who  has  ever  examined  a  drop  of  «irh  blood  under 
the  microscope  can  have  the  slightestdonhtthat  in  pronouoced 
leakfemia  there  is  not  only  an  incrense  of  coloorlesa  eelU, 
bat  a  very  great  decrease  of  red  dUea.  Even  tn  the  milder 
forms  of  the  disease  the  same  fact  has  beou  dire<^tly  dutor- 
mined.t  and  it  is  characteristic  of  true  lenkiemla,  as  contrast«d 
with  leococytosis,  that  the  red  corpuscles  have  not  simply  de- 
creased relatively  tu  the  colourless  ones,  but  absolutely.  lo 
every  attempt  to  explain  leakssmia,  both  these  points  miuU 
therefore  be  borne  in  mind, — the  increase  of  the  colourless, 
and  tbu  decrease  of  the  red  corpuscles.  That  the  rArmimJ 
examination  of  leukaemic  blood  wonld  lead  to  any  special  oon< 
elusions  in  this  direction  could  hardly  ho  expected.  Sob- 
stances,  absent  from  normal  blood  or  present  in  it  in  emalier 
qnantities,  bare,  it  is  iroe,  been  discovered  in  ibo  blood  and 
organs  of  lenkasmic  patients.  Among  them  are  htfyexunlia^ 
and  other  ranthin  bodies,  and  these  substances  may  be  crcdilod  ^j 
with  a  certain  pathognostic  signi6caneo  for  this  nffedion,}  ^M 
even  when  present  in  the  blood  only  after  death  and  not  hi  ^^ 
the  living  patient.  It  is,  moreover,  very  reninrkublo  with 
what  constancy  those  mnch-di-iCDSsed,  minntc,  colonrloas,  bat 
glittering  crystals,  osnally  called,  after  their  earliest  doscrihar, 

*  Tirebow,  * Ges.  Atihuil)^.,' ]>.  14;, 

t  Wdcker, '  ZciUcltr.  f.  raliim,  Jlod.,*.j  Kcil»e,  xx.  p.  3/^. 

X  Sclic^rer, '  V«rh.  A.  IViinlmts  phji.'mKl.  Ow.,'  u,  p.  3J1,  vit,  p.  t»j, 
S«lkowiki,  ■  Vink  A..'  I.  p.  174,11x21,  p.  t66i  8al<uB(ia.*ZU.:lii.  r.  ph/s.j 
Cti«inw.'  it,  p.  l!^  1  ■  Neiie  ChsrilJ  AaasleD/  v. 
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Charcot's  ci',V8L&ls.are  wont  to  be  depoiiitei],  sbortlyaftcr  death 
from  leukaemia,  ID  the  lilixx],  bone-marrow,  and  other  tissues. 
TUuir  chemicnt  coniititution  has  not  yet  been  fujly  cleared 
ap  t  K.  Hiiber*'  believes  them  to  be  an  nnoBaal  form  of  orys- 
talliited  tynmn ;  by  others  they  are  supposed  to  cnnaist  of  an 
aliiiminmd  or  mucoid  substance.  Their  source  may  certainly 
be  sought,  with  Zenker,  in  the  colonrless  cells  of  tfao  loulcmmic 
blood,  in  the  interior  or  on  the  siirfaco  of  vhich  tliry  have 
frequenlly  been  seen  by  this  obsorver.t  These  crystals  arc 
evidently  connected  with  the  richness  of  the  blood  in  colour- 
less cells,  but  that  the  pathof,'ene9i8  of  leuTcBDroia  is  made  no- 
clearer  by  their  presence  is  sufficiently  obvious.  The  att«mpt 
to  construe  in  some  measure  the  genesis  of  the  disease  from 
tlio  morphological  composition  of  the  leukaemic  blood  has 
al»o  proved  aburtive.  It  was  supposed  that  the  dispropor- 
tioo  between  colourless  and  red  corpuscles  could  be  explained 
by  asKUuiog,  in  addition  to  an  abuudunt  production  of  coloor- 
less  cells,  either  an  excessive  destruction,  or  a  very  much  re- 
duced formation,  of  red  ones.  In  support  of  the  first  alter- 
native we  were  referred  to  the  facts  teudinj^  to  show  that  a 
phy Biological  destruction  of  red  corpuscles  takes  place  in  tho 
spleen,  and  it  was  argued  thai  in  the  enlarged  spleen  an 
uunsually  largo  number  of  red  corpuscles  are  destroyed, owing 
lu  B  great  increnso  in  the  cells  of  its  pulp,  a  view  which  waa 
supported  by  the  prosenco  of  numerous  blood-corpuscle- con- 
taining and  pigmented  colls  in  tho  Icukecmic  spleen.  Bni 
even  if  we  neglect  the  fact  that  tho  discovery  of  these  latter 
is  by  no  means  constant,  the  lymphatic  and  myelogenic  leu- 
kasmias,  in  which  there  is  often  no  enlargement  of  the  spleen, 
manifestly  make  against  the  theory.  The  view  according  to 
which  chief  stress  is  laid  on  the  defective  mew  formation  of 
Tfd  eurpuxcUa  has  for  this  reason  always  cnjfiyed  greater 
popularity,  lu  particular  the  hypothesia  brought  forward  at 
the  very  outset  by  Vircbow,  that  le\ik»m-\a  depend*  on  an  im- 
jtvrfect  vietavwrphwiv  of  ihe  rolourUng  into  r^d  corpuseiex, 
appeared  to  barmonifie  best  with  all  the  facta,  ao  long  as  thia 

Cmelamorpbosis  jnssed  current  as  a  physiological  postulate. 
I  *  X.  Hntwr. 'A.d.  Heilk.,' xviii.p.  485.  xii,  p-jto. 
t  For  the  lilirniliin)  nn  the  nnlijeot  of  Chanot'a  crystals  vide  Zeaker, '  D. 
A.  L  kliu.  Hed.,'  xviii,  ]>.  125. 
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Having  only  reoentlj  discussed  the  reasons  addnced  in  sup- 
port of  this  Bopposed  metamorphosisj  and  pointed  out  their 
inadequacy,  it  will  not  he  necessary  for  me  to  go  into  the 
question  again,  and  show  how  little  probahility  there  is  for 
the  truth  of  VirchoVe  view. 

There  is  not,  so  far  as  I  see,  any  other  possibility  of  under- 
standing the  constitution  of  the  blood  in  leukeemia  except  on 
the  assumption  of  a  derangement  of  the  functiona  of  the  hanna- 
poietie  organs.  Moreover,  the  results  of  the  anatomical  exami- 
nation of  these  organs  have  from  the  outset  called  for  such 
an  interpretation.  In  the  earliest  observed  cases  of  leuk- 
aemia it  was  the  spleen  that,  by  its  enormons  enlargement, 
chiefly  attracted  attention ;  somewhat  later  cases  of  this  dis- 
ease turned  up  for  examination  where,  with  or  without  splenic 
hypertrophy,  large  numbers  of  lymphatic  glands  in  the  most 
different  regions  of  the  body  were  swollen,  sometimes  to  an 
almost  incredible  extent.  Accordingly,  two  forms  of  leuk- 
emia were  distinguished,  the  splenic  and  the  lymphatic  ;  and 
it  was  considered  legitimate  to  positively  diagnose  the  one 
form  or  the  other,  according  to  the  size  of  the  coloarless  cor- 
puscles preponderating  in  the  blood.  The  untenability  of  this 
distinction  became  apparent  the  moment  it  was  found,  through 
the  researches  of  Neumann,  Hoyer,  Bizozzero  and  others,  that 
the  bone-marrow  takes  part  in  the  new  formation  of  coloar- 
less blood-corpuscles.  Credit  is  due  to  Neumann,*  above 
all,  for  having  established,  by  a  number  of  most  careful 
observations,  its  important,  we  may  even  say  preponderating, 
role,  in  the  genesis  of  leukasmia.  I,  at  least,  have  not  during 
the  last  few  years  examined  a  single  case  of  leukeemia  in  which 
I  failed  to  detect  the  hyperplasia  of  the  bone-marrovc,  recently 
described  by  Neumann.  This  author  distinguishes  two  formi^ 
a  lymphadenoid,  in  which  the  structure  of  the  medulla  closely 
resembles  that  of  adenoid  tissue,  small  lymphoid  cells  lying 
closely  packed  in  the  meshes  of  a  compact  irregularly-shaped 
reticulum ;  and  a  pyoid,  in  which  relatively  large  round-cells 
fill  Dp  wide  meshes,  which  arc  themaelres  probably  enormously 
dilated  capillaries.     The  hyperplasia  may  sometimes  be  so 

*  The  mxvt  detnled  aeeovnt  of  Xeomuiii't  obamrktiGiia  k  ■"■^if^  in 
*  Bn).  Uin.  Woch.,'  1879,  Ha  6  uid  following ;  they  alio  ocMtain  &11  lefer- 
«Bccs  to  tlw  litentan. 
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€<>iifiidi3rab1o  as  to  affuct  tlio  surruutiding  bone,  whone  atrophy 
it  then  causcfl.  But,  though  porft^tly  willing  t-o  accept  the 
{)Ofliti\'e  porticiD  of  Neumann's  work  in  itit  ontiretj,  I  cannot 
bring  myNplf  to  adopt  tho  conclusion  at  which  he  has  arrivcil 
— -that  difieaftejt  of  thfi  honti-marrfne  cmi^iiittlfi:  the  r^riiiMve  and 
afiic  enujtfi  lit'  leukftmia,  while  tho  enlarge  men  te  of  ih«  spleen 
and  lymphatic  glands,  when  present,  are  mere  compljcationft 
without  any  impurtaoco  for  the  leukemic  quality  uf  the  bluud, 
Nmtuann  in  certainly  iiuit«  right  when  he  says  that  ull  tho 
tiMt'i'  ri.-purt8  uf  autopsies  iu  which  the  cotidition  of  the  boue- 
inarniw  in  nut  exprussly  referrcni  to  ctuuiot  bo  atilisvd  iu 
deciding  this  queHtiuu.  We  are,  however,  iu  pusst^uiiuu  of 
iiliitvrvAtionti  oE  quite  recent  dale,  proving  that  extn.-me 
tuukiumia  has  been  mtsociated  with  amudallaoD  onooccaaion 
normal.*  on  another,  not  merely  not  hyperplastic,  but  even 
conaidei-ably  reducetl  below  nurmalt  as  the  result  of  an  fxt^n- 
jtive  n8t(»o6c)erutiu  proceiss.  itut  iwen  were  theso  cases  not 
to  hand,  it  seems  to  me  somewhat  extravagant  to  demand 
From  as  that  we  should  deny  to  an  enlargement  of  tho  spleen 
of  sneh  extr»irdinRry  diniensiuna  as  is  often  seen  in  leuktomia 
— and,  be  ii  obfUirved,  in  lenka>mia  alone — any  inBueuce  ou 
the  h-ukaiiiic  quality  of  the  bh)od.  Wliilc  wo  then,  as  «tat«d, 
willingly  acknowledge  the  myelagenie  Uukannta  to  bo  tho 
mo«t  fre^quent  uf  all  forms,  we  shallj  in  my  opinion,  do  vrpU 
to  hold  fuNt  tlieopiniou  that  there  occurs  in  addition  a  jtyj/mie 
and  a  lymphatic  leukmmia,  and  iu  portiualar  a  form  dependent 
OD  the  disease  of  a  combination  of  these  organs. 

Tho  nature  of  this  disease  and  the  uuumor  in  which  it  Ib- 
floenoes  the  blood,  causing  tho  latter  to  acquire  leukaemic 
'Cbanuiters,  cannot  be  satisfactorily  explained  in  the  present 
state  of  our  knowledge.  He  who  dcema  tho  known  facts 
Bufficioutly  conclusive  to  admit  of  his  reoc^iaing  tho  spleen, 
tho  lymphatic  glajids,  and  the  bone-marrow  as  physiolngicul 
factoriiiH  for  tho  production  of  colourless  corpuHrles  will  tiiul 
ou  difficulty  in  bringing  the  increase  of  tho  whiti*  cells  into 
a  direct  cansal  relationship  with  the  hyperplrmia  of  these 
oi^auB  ;  and  tlio  preaenoe  of  nucleated  red  blood -co  rpu.toles, 

•  Flebcber  n.  F^mnlth.  *  D.  A.  f.  klfn.  M«d.,'  xiri.  p.  368.  jf  iigpUch* 
ttrng. 
t  n»ttck, '  Viwli.  A.,'  Ujtviii«  p.  41&- 
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80  ofton  obsonrod  in  loubtcmic  blood,  ntay*  amilarl/,  be  nwdilf 
referred  to  the  implication  of  the  bone-raarrow.  But  pari 
passu  with  tho  incrcaau  in  xvhita  blood-corpu<icl(?a  thoro  ocooni, 
&5  wo  have  emphatically  stated,  an  equally  marked  tUrrttue 
in  red  ones;  and  horc  tho  Ramo  (lifficuHies  crop  np  as  m  tb« 
other  {orins  of  essential  anemia  formerly  cou&idered. 
this  is  pot  ft  mere  superficial  analogy  ib  indicated  with  no- 
mistakable  clenmoss  b}*  the  conrse  of  those  remarkable 
is  which  a  pure  ttiscnttal  anxmia  ha*  prec*d0d  th*  ItuhtmtA 
for  a  longer  or  nhorter  period-  Litten*  baa  seen  in  a  w( 
snffering  from  pernicious  ana.>mia  n  typical  nevert*  leukaemia 
develop  acutely  in  a  few  days.  In  one  of  the  caMs 
by  Fleischer  and  Pcnzoldt.t  the  patient,  before 
leuksemic,  presented  for  a  cousideroble  time  tho  piol 
an  exquisite  pseudoleukfetnia.  Moreover,  instaaoea 
uuconimou,  where  the  physician  has  lung  been  obliged 
hesitate  whether  to  class  au  aSeotioQ  with  the  chronic 
or  with  leukemia ;  soch  cases  are  to  some  extent  inteit 
diate  in  their  uatnre.  Surely,  then,  there  is  no  dearth 
close  relationships  between  loukeemia  and  the  remaining  so- 
called  essential  anaemias ;  but  who  would  venture  al  pnMtnl 
on  an  exact  forninlation  of  these  relationshiiM  T 

While,  then,  onr  knowledge,  so  far  as  regards  the  gen* 
of  these  diseases,  is  very  imperfect,  it  is  less  so  when  we 
to  discnss  their  action  on  the  eircolfttion  ;  it  may  em 
affirmed  that  an  explanation  of  their  symptoms  is  s>*r-r'*- 
by  DO  difficulty  worth  mentioning.      All  individual*  - 
from  any  uf  these  sniBmias  are  ][*ale,  with  a  pulse  m^iy  r<i* 
pre*tibh  as  a  rule,  and  of  low  tension.     They  an*  ■ — '■ 
to  hsBmorrhag«9,  and  more  rarely  (never  till  thv 
of  the  di»ea5e)  to  cedemas.      Among  tlieso  syraptoma^i 
pallor  is  the  natural  reiiult  of  the  reduction  in  Cbe  ctilt 
constituents  of  the  blood — a  change,  as  has  been  more' 
once  stated,  common  to  all  auEfimias,  however  brought  aboal 
Ttte  alteration  in  arterial  prvfcure  is  not  quite  au  easily 
plained.      In  the  case  of  leukcuoiia,  the  idea  readily  tD| 
it«elf,  and  ia  poeitivcly  maintained  by  many  writers,  ll 

•  Litt«n. '  B«rl.  liliD.  Woeh.."  1877,  S*.  JJ>. 
t  Fletocliirr  o.  Tiwitiildt,  Lc 
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owing  to  the  onormonn  Increase  of  colonrlefis  corpuscles,  tbo 
fnclional  resiBtance  iu  the  capillaries  is  gr«atly  iiiteuaified, 
so  t.b&t,  juat  as  in  inspii^satiun  of  the  blood,  uu  inadequatfi 
supply  to  the  heart  from  the  reins  is  the  result.  Bat  whether, 
if  this  has  any  iofluence  at  all,  it  exertb  it  in  the  slighter  and 
Diiddlo  degrees  of  the  disease  appears  to  tne  rather  doubtful ; 
and  still  less  cau  it  be  supposed  that  blood  whose  corpuscles 
are  reduced  in  number  or  contain  a  smaller  amount  of  colour- 
ing matter,  though  not  greatly  alicix'd  in  its  remaining  con- 
stituents, should  in  any  way  derange  the  capillaiy  circulation. 
Henoe  another  factor  deserves,  in  my  opinion,  every  con- 
sideration. A  reduction  in  the  number  of  red  corpusvles 
means  a  considerable  falling  off  in  iha  number  of  oxygen- 
carriers  circulating  in  the  blood  ;  and  although  it  cannot  bo 
doubted  that,  in  this  respect,  a  certain  latitude  of  accommo- 
dation oxistA,  the  shortness  of  breath  and  muscular  fcebtenctta 
of  the  anfcmic  t^ufficicntly  clearly  prores  the  limit  to  be  ex- 
ceeded in  the  Hcvervr  grades  of  the  disease.  It  follows  that 
the  coronary  veiselt  of  the  liearl  are  supplied  with  blood  con> 
tatuing  less  oxygen  than  is  needed  for  the  normal  work  of 
the  organ,  and  this  cannot  occur  without  lasting  prejudice  lo 
the  eaergy  of  the  cardiao  contractions.  But  the  lowering  of 
arterial  pressure  is  not  all ;  very  often  the  uutrilion  of  tlio 
heart  and  vessels  is  considerably  affected  by  the  dofectivu 
mpply  uf  oxygen.  Kesurring  the  more  strict  demonatratiou 
uf  this  couaecliun  till  we  come  to  discuss  the  pathology'  of 
metabolism,  I  shall  here  confine  myself  to  pointing  out  that 
one  of  the  first  conseqnences  of  a  lasting  reduction  of  ilie 
oxygen-contents  of  the  blood  'v&  faily  dctjenitraiifm  in  the  fdJf- 
ru^r  system.  In  the  milder  forma,  such  as  chlorosis  and 
leukemia,  only  the  intima  of  the  larger  arteries  and  the  eriiJ'/- 
ear/iium  undergo  tho  fatty  change,  bub  iu  proportion  aa  the 
poverty  of  the  blood  in  functional  red  corpuscles  increases, 
the  vessels  become  more  generally  implicated,  and,  above  all, 
the  fatty  metamoi'phosis  invades  the  mj/orurdtuTn.  Even  many 
of  the  severe  forms  of  icterus,  in  which  ondonbtedly  a  lar^^e 
number  of  blood-corpnscloa  are  dissolved,  often  become  com- 
^■ffllicat^d  by  fatty  degeneration  of  the  heart.  Nor  is  it  un- 
^^common  to  see  marked  fatty  changes  iu  the  heart-muscle  of 
I      individuals  who  have  become  aniemic  in  cooseqaeace  of  re- 
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pioteA  tmd  pnif— E  hMLiirrfiagLJ,  <•.  y.  at  wo  mm  wiA 
Crnuonn  ipria^  riw  to  Civfocttt  aKCi<A  Ab^Mi.  while  ■■  yx- 
cratue  deeree  of  fiatty  iemr%  is  <^ice  trptcBl  <ff  mt~caOed  po-- 
niciovs  aiHBtLa.  That  I  enaasct  the  innfaKj  b  krmarrimff 
WTtb  Ae  poTgrty  o(  tbe  Mood  in  fnaetoJMl  ivd  enrpaacies 
Toa  Inre  sbcadj  leanwd  from  omr  iliirBaiiuii  of  tbe 
rtagtc  iKathffftt  ^pL  396}.  The  attempt  to  refer  tW 
Hm^cs  of  the  le«keiBic  to  pfaiggm^  of  tfce  1  ■iiiTTMiim  br 
erAoaiiem  blood-eorpaseles  will  meet  widibu  acaat  a|iproraI 
frm  joa,  at  least ;  and  it  »,  in  mr  cfmion,  iBuJeteJ  vmlae- 
lens  by  the  imd  that  exaetif  smilar  hfatdiugB  ocrar  sfeiD 
more  eommoniy  in  ietervs  gmni  aad  aaaloisoaa  jgettimis — 
note  eapecianj  in  pendaans  ancnria,  whether  li  111111  ■Ih  or 
essential.  The  faUe  appearance  of  crdema  in  these  ^j'^wrrtt 
vf  probablT  dependent  on  the  ciicnnistance  that  Ae  albami- 
noos  contenta  of  the  fiqoor  sanguinis  remams  imaHeied,  sd 
long,  at  least,  as  the  digestion  and  absorption  of  the  food  are 
nrH  interfered  with.  In  the  later  itagvs,  when  hjdigiaia 
becomes  asaoctated  with  the  anemia,  the  setting  in  ot  diopvr 
is  no  Imger  defierred. 

It  onl  J  remains,  I  think,  to  examine  into  the  etects  exerted 
on  the  circnlation  hy  foreign  arrjnutmlar  wtatttrm  ocmtainedin 
the  blood.  In  so  far  as  these  are  bodies  baring  a  vrJnffw* 
exceeding  the  diameter  of  the  capillanes,  ther  hare  been 
snfficiently  discnsaed  in  connecticm  with  the  subject  of  throm- 
bosis and  embolism.  For  snch  bodies  will  nafnraHj'  be 
arrested  at  some  point  in  the  rasciilar  nvtem — the  smaDest 
not  tin  they  hare  arriTed  in  tbe  most  minnte  capQIwiea — moA 
will  now,  according  to  their  natore,  manifest  their  presence 
either  bj  their  porely  mechanical  effects  or  hy  their  action 
as  specifically  infectiTe  emboli.  That  inflammation,  hupmor- 
rbage,  or  necrosis,  or  a  combination  of  these  processes  sets 
in  in  the  ricinity  of  the  infectire  pings  has  been  stated  nioi« 
than  once,  and  of  this  I  shall  hare  again  to  speak  when 
dealing  with  necrosis.  But  foreign  bodies  so  smaD  as  to  pass 
freely  through  eren  the  finest  capillaries  demand  a  brief 
notice.  This  qnestion  is  far  from  unimportant  from  apatho- 
'igical  standpoint.  Passing  orer  the  microaoopie  roond- 
orms,  not  Tety  imc(num(Mi  in  t^  blood  of  Hrii^  •»;— ^u^ 
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A.  ,9-  the  raven  and,  in  many  districts,  the  dog,  ire  liavd 
tiiuuorouB  report!!  from  tropica)  couuCries  as  to  the  proeenoo 
of  miccc/scopicyiVun;);  in  huniau  blix>d,  Filaria  miuftiinolmia 
ond  Filaria  eaayuinia  hominu.  The  latter  of  thene  is  regarded 
liy  itK  discovoror,  Lowia,*  a»  the  cause  of  chjiuria — a  Kiibjctrt 
which  will  b»  dt«cu»sed  later  on.  But  much  ^cater  hignlfi- 
cance  attaches  to  this  question  on  considering  it  from  another 
point  of  view.  For  if  the  parasitic  theory  of  infective  dis- 
onees  is  rfnlly  welt  ostablinhed,  the  fate  and  effects  of  these 
mo$t  minute  mrpuacular  heinga  after  having  gained  an  entrance 
til  thE>  circnlation  must  excite  intense  interest.  Vet  this 
reference  to  the  infective  diseases  will  at  once  show  you  how 
very  meagre  is  onr  knowledge  of  the  point  under  discussion. 
Only  in  cases  where  an  abraded  sarfsce  or  an  nicer  is  present 
do  ffc  know  the  path  by  wliich  ihe  lowly  organirmt  or  their 
flporus  enter  the  vesseU.  In  the  vast  majority  of  infective 
diseases  we  are  far  from  being  able  at  present  to  specify  their 
place  of  entrance,  and  are  obliged  to  rely  on  guesses,  or,  at 
best,  on  the  analogies  offered  by  the  solid  particles  which, 
either  mingled  with  the  in-spired  air,  penetrate  the  pnlmonarj' 
lymphatics,  or  with  the  food,  enter  the  chyle-vessels.  There 
is  no  doubt  that  when  gehizonit/cttef  have  arrived  in  the 
vascular  Bysiom  thoy  can  there  multiply  to  an  oxtraordinary 
degree,  an  ha»  boon  positively  shown  to  be  the  caae  with  the 
bactttriilia  of  splenio  fover.  As  to  the  effect  exerted  on  the 
animal -organism  by  tlioir  admixture  with  the  blood  no  gen«- 
rnl  rule  can  be  laid  down  ;  it  is  different  in  splenic  fever,  in 
relapsing  fever,  in  smallpox,  &c.  But  even  if  we  confine 
onr  Attention  to  the  va.<K:nh)r  system  alone,  we  find  that,  during 
the  febrile  attack  in  relapsing  fevor,  incredible  numbers  of 
spirilla  circulate  in  the  blood  for  several  days  together,  appa- 
rently without  causing  the  slightest  disturbance  of  the  circn- 
lattou  oraltoratiou  in  the  heart  and  vessels  ;  while  the  multiple 
hiemurrhages  obaervod  in  typhus,  iu  the  skin,  muscles,  and 
other  parts,  clearly  point  to  impaiTment  of  the  vejijstl  walU^ 
a  conclusion  which  is  supported  in  no  amall  measure  by  the 
hmmorrhagic  variety  of  smallpox.     If,  howovor,  the  state- 

*  L*wia,  "Ons  Hftmsiozooo  inhabiting  llnuwn  Blooi,  &*•.,' Ca.\{ntiA, 
iS;j.  *  LuiMfl,'  1875,  i.  p.  M9;  'Msd.  Timoa  and  tia«tt«.*  1875,  V«b.  ij. 
11.173. 
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tnonte  of  Klebs  bo  correct,  tlie  disintegration  and  dt5BiraeU<: 
of  niimbdrs  of  rod  corpnaclos  m&y  bo  tho  direct  couseqaenca' 
o£  tho  presences  of  panwitic  orgftntains  in  tho  blood.      When 
we  &sk,  in  coDclusioD,  wheX  bccotocs  of  the  achixoinye«t«t 
when  tho  indtTidnal  Rurvivcs  tbc  attack,  the  answer  ia  tlso 
doubtful  enough.     Very  often  they  dtaoppeiur  completely  from  ^m 
the  TesaeU.     That  this  is  oiriag  to  their  direct  desirucUon^l 
in  the  circulating  blood  iu  in  itself  quite  possible,  though  ws^l 
hare  no  positive  proof  of  its  occurrence.     It  i»  certain,  on 
the  other  band,  that  they  may  be  excnUd  from  the  blood. 
This  can  be  very  beautifulty  seen  in  the  kidneys  of  guineo-j 
pigfl  or  rabbits  which  have  died  of  splenic  fever ;  here  it  Jij 
not  ancommon  to  find  some  of  the  bacilli  within  tho  loops  ol 
the  glomeruli,  and  some  outside  theae,  bot  still  within  th»| 
capsule  of  Bowman,  or  they  may  already  have  entered  the 
lameu  of  tho  nriniferous  tabales.     In  many  infective  diaeaees, 
moreover,  there  are  present  in  the  kidneys  small  foci  of  dia- 
ease  whose  oentro  is  formed  by  a  colony  of  bacteria  sitnated 
ia  tho  interior  of  a  urinifbrous  tnbulc  ;  and  I  can  only  acoonst 
for  them  by  supposing  an  cxeretioth  of  min'ocoeei  into  the 
urinary  passages  and  a  Rocondary  development  there  into 
-ooloniux.     The  third  and  perhaps  commonest  modns  by  whit 
the  schizomyceteB  are  removed  from  the  vascular  KyHtom 
their  appropriation  hy  the  fdh  of  the  same  organs  that  take 
np  and  retain  granular  colouring  matters  tatrodoced  into  the 
blood  ;  these  organs  are  the  spleen,  the  liver,  and  tlie  boot 
marrow,  bat  more  especially  the  first  named.      Of  the»plefn,| 
in  particular,  it  is  established  that  after  tho  injection  of  mic 
cooci  into  the  blood  or  abdominal  cavity  colonies  may  alwnysl 
be  discovered  in  its  pulp,  and  it  is  quite  imposuiible  to  say 
present  how  many  single  microoocci  are  taken  ap  by  tho  cell 
of  the  spleen  and  bouc-iiiarrow.      Tho  highly  charactoristic 
bacteridia  of  anthrax  have  often  been  seen  in  the  interior  uf^ 
the  splenic  colls,*  and  Soknlofft  has  gone  so  far  as  todeclani 
that  in  his  opinion  the  Fplenic  tumor  of  infective  disease  is 
■called  forth  by  the  lodgment  of  scbizomycotes  in  tho  tissDeft, 
of  the  organ.     As  reg&rds  the  spirilla  of  relapsing  fever,  ii| 
is  most  probable  that  their  spores  at  least  are  deposited  Rome*! 

•  Kocli.  in  I'  Cohn't '  Beitrige  «.  Bfol.  A.  Ptl»n«  ,*  i,  IWfl  3,  p.  ajj. 
t  Sokoloff, '  Viruh.  A.,'  Ixvi,  p.  171. 
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where  in  the  organism  during  the  paase,  and  tUat  from  tliem> 
is  developed  the  new  generation  which  excites  the  second 
attack.      But  the  micrococci  do  not  always  disappear  from 
the  rascutar  system  in  this  more  or  less  direct  manner.     I£ 
they  bo  such  schizomycetes  as  gradually  multiply  to  form- 
heaps  and  colonies,  it  not  infi-equeutly  happens  that  the  latter' 
develop  in  tho   blood  itself  and   become  speoiiio  emboli  in 
the  capillaries  of  tho  coronary  vessels  of  the  heart,  in  the- 
renal  and  corebi'al  vessels,  as  well  as  in  those  of  other  loeali- 
Ues.      It  is  poesiblu  too,  that  ulcerative  endocarditiii  originates 
in   the   same  manner,  tho  bacteria  baring  developed   into 
colonies  in  the  blood  and  then  settled  on  the  valves  of  the 

eart.     Lastly,  if  the  hypothesis^  already  enunciated,  of  tho 
parasitio  origin  of  infective  JDflammations  be  correct,  il  implies 
that  tho  schizo  my  cotes  forsake  tho  vascular  system  only  tO' 
give  rise  to  inflammatory  disturbances  of  the  circulation  in 
some  organ,  where  the  soil  is  fovocnble  to  their  development. 
While  then  it  is  tnie  that  in   this  domain  also  we  can- 
barely  do  more  than  formulate  the  problem  for  the  Bohition 
of  wUieh  many  details  are  still  wanting,  no  small  share  of 
tho  blame  for  this  state  of  things  is  attribntable  to  the  extra- 
ordinary diffioiilty  of  becoming  acquainted  with  and  tracing 
most  of  tho  schizomycctes  by  means  of  our  present  optical 
and  chemical  aids.     The  task  is  fur  easier  of  acoomplishment- 
in  the  cose  of  tho  more  highly  organised  hyphomycotro,  which, 
are  all  of  larger  size,  and  whose  derelopmentttl  forms  are 
better  known.     Ilence,  when  we  consider  the  euoroious  dis- 
tribution of  the  common  nioiild-fimgi,  it  is  not  surprising  that 
their  behaviour  on  bfiitg  introduced  into  the  juices  of  the 
body  should  hare  been  e-arlicr  brought  to  the  test  of  experi- 

ent  thnu  was  that  of  the  bacteria — even  though  there  were 
DO  definite  pathological  data  to  suggest  such  a  course.  Passing 
by  older  experiments,  we  may  meutiou  a  commuuii^tion  uf 
Groh^,*  which  though  it  was  and  remaius  very  fragmentary 
created  a  great  seusutiou  at  the  time  of  its  appearance.  This 
writer  had  succeeded  iu  produciug,  by  the  injection  of  the 
spores  of  the  PenicilUum  and  A^pergilliui  fjlitwtw  into  the  blood 

•  Orob^, '  B«rl.  kiln.  Wwh..*  1870.  No.  i ;  A.  Blocli.'  Beiti«g*«.  Kmol- 
d.  PilibUdnnginilca  Qcvcbcn  il.  thitrisvhen  OqpuiiHBn*,*I.-I>.  Stettin. 
■70; 
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of  rabtita  and  dogs,  an  acate  and  fatal  growth  of  hyphorayoebo 
iovolring  all  the  intomal  organs.  Tet  although  Groh^'scx- 
periment  has  often  b«ea  repoat«d  during  the  ten  years  fol- 
lowing itfl  pnblication,  no  one  ever  obtained  the  resnita  re- 
ported by  him.  On  the  contrary,  the  conviction  gained 
groaud  that  the  spores  of  the  conimon  moiildfl  when  injected 
into  the  blood  are  in  part  oxcrotod  by  tho  kidneys  with  tha 
urine  and  in  part  dissolved  in  the  cirtnlatinir  blood,  whence 
they  disappear  in  a  short  time.*  This  want  of  sacoesa 
caused  the  observations  o!  GrohS  to  be  so  far  forgotten  that 
NaegcU  fonnulated  tho  law — tho  hyphomycetae,  in  contrast 
to  tho  BchtKomycotoBj  cannot  thrive  in  tho  interior  of  the 
body  jt  while  timwita,  who  as  a  pathologist  was  aeoastonied 
to  a  more  cautious  mode  of  thinking  and  speakings  tiet  him- 
self to  discover  tlio  conditions  inimical  to  the  germinatioD 
and  development  of  tho  moulds  in  the  interior  of  tho  animal 
organism.  Nevertheless  the  positive  experiments  of  Orobe 
conld  not  thns  bo  finally  disposed  of^  and,  moreover,  additional 
facte  became  known^  all  pointing  to  tho  need  for  cautioD 
before  coming  to  n  conclaeion.  Thus  Wrcdent  convinci'd 
himself  that,  while  in  myririffomyeoinii  the  formation  of  bypho- 
mycetfo  was  as  a  mle  confined  to  the  epidermis^  in  oxcep* 
tional  coses  the  aspcrgillns  penetrated  the  deeper  layers  of 
the  tympanic  membrane,  and  even  cansed  its  perforatiim. 
Still  more  worthy  of  notice  was  the  observation  made  by 
Leber^  of  a  case  of  hypopion-keratitis  which  depended  on 
the  growth  of  aspergillas — a  discovery  which  led  him  tu 
nndertake  snccessful  inocnlation  experiments  on  the  eyes  of 
rabbits.  Quite  recently  the  entire  qnestion  has  taken  a  turn 
— at  first  sight  very  surprising — owing  to  the  highly  inte- 
resting raaearohes  of  Grawit?..!)  In  undertaking  tho  tank  of 
experimentally  testing  the  valne  oi  those  conditions,  whidi 
wore  supposed  by  him  to  act  as  a  check  to  the  dovolopmoni 
of  the  mould-fungi  in  the  animal  body,  it  waa  of  course  im* 
possible  to  alter  the  characters  of  the  animal  organisatwn. 

•  GnwiU, '  Vircli.  A./  In,  p.  315. 

t  Niwgtli, '  Die  niwlerpn  Pilw,'  Sfflwhen,  1877.  p.  38. 

t  Wreden,  *  A.  1  Angen<u.  Ohrmibftilk.,'  Ui,  9,  f.  56,  1874. 

§  Lcbor,  'A.  1  Ophibaim^'  uv.  3,  p.  285. 

II  QrawiU,  'Tuth.  A,*  hcai,  p.  353. 
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[e  therefore  attcmpUKl  to  aocuslom  iho  hyphomycDtm,  which 
lily  vcgctaln  on  nn  acid,  solid  sabRtratum  at  from  to— 
C.»  to  the  uafarorablo  cnviroDincnt  of  tho  animal  body, 
E.  0.  to  a  liquid,  alkaliDO  medium,  haring  a  tompcratara  of 

r^ont  39°  C.  ;  and  to  accomplixh  this  ho  adopted  tho  method 
of  gradual  caltiration  extending  over  many  gonerations.  In 
lact,  by  gradually  altering  the  oxtcrnol  conditions,  he  finnJIy 
sacoeodod  in  cnUivnting  any  mould  in  noutral  and  thon  alka- 
lioA  solutions  of  nlbiimen  at  the  temperature  of  tho  blood  ; 
«nd  in  this  way  he  obtained  varieties  of  penicillium  and 
Mpe^llus  whicii,  though  moriihohtyicaUy  nnalU^red,  not  only 
throm  in  warm  alkaline  nutritive  fliiiilft,  but  were  able  to 
compete  successfully  with  tbe  bacteria.  When  he  now  in- 
jected this  variety  into  the  blood  of  liring  animals,  innumer- 
able foci  of  mould- vegetation  were  very  rapidly  developed  in 
almost  all  the  orgaoB  ;  to  tboso  rabbits  succumbed  after,  on 
the  avemge,  oightj,  n.nd  dogs  after  the  lapse  of  about  one 
bnndred,  hours.  When  intra-jugular  injection  is  employed, 
the  first  fooi  rooognisable  to  the  oakod  eye  make  their 
appearance  in  the  lungs  and  kidneys,  the  latter  of  which  con- 
tinuo  to  bo  the  mont  strongly  affected  organs ;  afcer  these 
tho  most  namorous  foci  are  found  in  the  liver,  intestines,  and 
roosclos,  whilu  tho  Bph-en,  bone-marrow,  lymphatic  glands, 
skin,  and  nervous  sy.stem  are  only  very  Blighity  involved. 

|On  injection  into  the  carotid,  on  the  other  hand,  it  is  tho 
brain  and  retina  that  chiefly  snffer.     Less  dan<rer  atlcndod 

kthfl  introduciion  of  the  spores  into  tho  abdominal  cavity  ; 
thix  cajie  only  a  few  examples  escaped  into  the  blood,  and' 
lin&tcd  in  the  ordinary  way  in  th<»  organs,  while  by  far 
greater  number  were  arrested  in  the  peritoneal  lympha- 
tics, and  here  produced  mycotic  foci.  The  results  were  still 
leas  severe,  being  completely  Iocalt«od,  after  injection  into  the 
Bubcntaneous  tissnes  and  inbalatiou  into  ttie  lungs.  The 
germination  of  the  individual  spores  takes  plaoe  iu  the  ordi- 
manner  ;  the  foci  in  the  various  organs,  which  to  the 
cod  eye  resemble  tubercles  in  many  respects,  are  similar 
in  sine  and  other  particulars  lo  the  clamps  of  hyphomycetco 
onltivated  on  any  uutritivu  material  one  may  select— with,  a 
single  and  really  notable  exception  that  thejf  form  only  rudu 
menlanf  fruit-receptache  and  never  reach  ihe  stage  of  spore- 
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ahatrietion,  wiibont  doubt  owing  to  the  absence  of  frco  oxjf^en. 
Henco  it  Foltows  tfanl  the  iiporcs  gorminaie  and  sproat,  bat 
do  not  iDiiltiply.  In  viov,  faowcvor,  of  the  cApcunt]^  posaeBsed 
by  tbem  o!  forming  enormons  ramifications  and  produotn^ 
hypha;  tliis  can  hardly  interfere  with  their  wide  distribotioD 
throughout  the  bod)-.  In  the  cxpoHmont-s  of  (imwiU,  it  t» 
tmo,  the  quantity  of  spares  injected  and  the  particDlor  fooi 
of  disease  so  originated  in  organs  of  vital  importance  ware 
the  chief  sonrces  of  danger  to  the  animal ;  there  wa«  no  ngn 
whatever  of  septic  blood-poisoning  or  other  general  pjrexioV 
diftoasc. 

Yon  will  of  coarse  tJiink  mc  jnatifiod  in  thns  minutely 
dwoUing  on  tho  oxpcriments  of  Grawits.  The  principle  ondct^ 
lying  them  would  be  of  very  far-reaching  importance,  coald 
we  accept  without  reserve  the  conclusioua  arrived  ut  by  the 
author.  But  while  fully  acknowledging  tbe  bappiuess  of  tbtr 
conception  on  which  the  seriei^  of  experiments  in  based,  ok 
well  as  the  elegance  of  the  methods  employed,  I  am,  never- 
theless, not  fully  convinced  that  the  positive  results  were 
attained  by  modi6c8tion  of  the  hyphomrcetw  through  cultiva- 
tion. That  there  osiat — even  if  we  ignore  myriiigitit^  and 
keratitis  aspergillina — varioticB  of  mould-fiingi  capable  of 
thriving  in  the  liviog  animiU  body  in  etitablished  beyond  oU 
doubt  by  tho  observatioDH  of  Grohe,'"'  and  who  will  gunnuitae 
that  in  Qrawitz'  suocessfal  experimunts  "  accident  "  had  not 
thrown  in  bin  way  a  rarie^of  nsporgillnsoapnt  '  '  '  velop- 
ment?     If  this  were  so,  the  L-xpcrienccs  of  (<  would 

lose  a  great  port  of  thoir  theoretic  interest,  in  nnj  caie, 
kuwcverj  they  are  snBicienlly  worthy  of  attention,  althuogh  a 
somewhat  more  accurate  description  of  tho  tu:lioa  of  the 
hyphomyceta;-foci  on  tbe  tissuos  in  their  immediate  vicinity 
wonld  hnve  boon  very  welcome  to  manyporBonii.  Rut  what- 
ever may  have  been  tbe  circoiustanL-ca  to  which  tho  positive 
results  of  thoao  cxperimcats  were  dne,  we  may  oonclada  from. 
tbe  present  state  of  the  ontir'^  n  that  there  is  no  reason 

for  entertaining  sorious  appr<  '  of  nu  invasion  of  tha 

human  body  by  hyphomyocto).     For  not  merely  con  do  octiml 

'  Nut  }oajg  fttfu  litclitlicim  aljto  ibovrpd  me  prep&ntiDtia  at  fuBpls  fUM»- 
tutiod  *aA  growUi  in  t^it*  ki>lnt.'ya  of  nbbit«,  whtt*  the  ipnrM  luul  oliiuiuA 
I  thtoogfa  muipnlulioiu  carried  out  on  tbe  nnter. 
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•danger  arise  from  them  except  where  they  have  effected  a 
direct  entrance  into  the  vascular  system,  bat  it  is  only  in  very 
exceptional  cases  that  the  mould-fungi  are  capable  of  vege- 
tating and  thriving  in  the  juices  of  the  animal  body.  Hence, 
-while  the  possibility  of  such  an  anfortnnate  accident- — the 
coincidence  of  both  these  conditions — cannot  be  denied,  to 
the  practical  pathologist  the  history  of  the  common  monld- 
fungi  will  rather  serve  as  instructive  evidence  of  the  degree 
to  which  the  living  animal  organism  is  capable  of  resisting 
widely  disseminated  and  active  noxea.* 

*  Od  the  subject  of  Cfaronic  Aoffimiaa  connilt  farther  Wafpier,  *  Hdb./ 
7.  7o£ ;  Immermann,  in  '  ZiemsBen'i  Hdb.,'  xiii,  i,  p.  372. 
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Canditwtui  Tieeeuary  to  the  nortniz/  Jlou>.  f/j/mphangitvi  and 
lymph- thrombons. — Sotutioim  of  continuity  of  the  vstlU  of 
the  Itfmpluitu-j. — Lt/mphorrhagxa.  —  ChyloUM  aseitM  amd 
hydrothoTOx. — Impedimcnbi  to  the  Jlow  of  lymph  (Imh  Ao 
veaketting  of  the  motor  force»,  and  lo  Ihi^  intrrt  '  "  / 
a&nomtaf  raistaneea  in  the  lyfnpk-c}ianwi . — O  >/ 

the  thoracic  duet. 

Dropgyie  invariably  ii  consc<i\wfiee  (fincrfa»od  traium- 
dalion. —  Wnni  of  iiniforviity  in  the  hfhaviour nf  thcbUiod- 
vetsela  vsUh  respect  to  tranguJati'oH. — ^ydroJ^M  neehanUwt. 
•^It*  theory.-— D'-  ■  toincreaeed  psmuiabi^ittj  uf  the 

vmll^  of  thii  fcftH  I  1 .       1^. — Uyd.  ttt//uTMMia'ormx. — Z/j 
aichecticM. 

N6rvou$  tadeauu. — JhtltiwHary  osdcna. 

As  wo  now,  at  the  conclusiuu  ot  our  studies  on  Llio  fNithology 
of  tlio  circulatiou,  turn  our  attontiou  tu  Uie  pathological  evento 
uccurrinj^  in  tbo  lyinph-fitrcaui,  will  juii  from  chooatsot  how 
in  mind  thai  all  lymph  haa  itt  source  tn  tratufudation  from  lAc 
blood-vtuisi'Ui ?  True,  tlio  lyuiph  which  wo  coIImci    '  'hn 

lymphatics  in  uuti  the  puro  ttunsadaLioa that  exudt:  tm 

capilUrios;  for  it  contains  the  products  of  tho  mutabDlivm 
of  the  organs  aud  tiasucH  in  which  tho  jiarticuhu*  ' 
have  thoir  origin.      Henco  it  i»  ohviuuB  tliat  niorlnu 
ancoe  of  tho  ouodition  or  function  of  tho  individual  ur^tans 
moat  exert  an  inflnenoe  ou  tho  corop'      '  \ 

and  wo  flhall  further  on  have  many  oj ,  n^ 

alterations  of  this  kind.     Hero,  whuru  wv  aro  dealing  wftb 
the  goneral  pathology  of  tho  lymph-slrcoio,  we  may  umii  tha 
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coDsideration  of  this  factor,  more  especially  ns  tbe  changes 
affect  oiily  the  HO-called  extractives,  and  therefore  cause  no 
alteration  iii  the  amount  or  concontratiou  of  the  lymph,  nor, 
cou&cquently,  in  its  flow. 

In  onler  that  the  flow  of  lymph  may  take  place  in  a  regular 
manner  it  is  neces&ary  abore  all  that  there  ehould  be  a 
ttormol  transudation  from  the  vessels.  We  have  already  cited 
examples  which  demonstraU*  Ike  immediate  depcndeucy  of  the 
lympK-stream  on  the  transuttaiion.  In  venous  liyperEomia  the 
increased  transudation  was  immediately  followed  by  an 
increase  of  the  lymph-stream,  and  in  inflammation  the  same 
thing  was  apparent;  on  the  otber  hand,  tho  lymph-stream 
dries  np  when  the  transudation  ceases  or  is  reduced  to  a 
minimum  through  arterial  isohsmia.  But,  as  is  well  known, 
tho  transudation  is  nut  merely  the  source  of  the  lymph,  bub 
also  the  cause  of  ita  fiow  throtigh  the  lifmpkatics.  Certain 
gonem  of  animals  possess  a  lymph-heart;  and  in  tho  mesen- 
teric chyle-vcBsels  of  tho  guJuca-pig  QuUer*'  saw  rhyUimieal 
eonlraeiions.  With  respect  to  the  remainitig  mammals,  and 
in  particular  man,  nothing  is  known  of  such  a  motor-mechan- 
ism in  the  lymphatics  ;  in  them  the  only  known  force  engaged 
in  the  propulsion  of  the  li.'mph  is  the  difference  heltoeen  the 
len/iions  at  the  commeneetitenl  and  at  the  terminaivm  of  the 
hjmphutieui,  •'. «.  the  difference  between  the  pressnre  under 
which  tho  transudation  is  poured  out  into  the  interstioes  of 
the  tissues  and  that  prevailing  at  the  point  of  entrance  of 
the  ductus  thoracicus  into  the  v.  snbclavia.  In  Addition  there 
are,  as  you  are  aware,  certain  accessor}'  forcfta — the  muscular 
contractions,  the  diastolic  suction-action  of  the  heart,  and  the 
similar  action  of  the  thorax  during  inspiration.  Nothing  is 
known  of  any  independent  coHDperating  action  on  the  part  of 
the  lymphatics  themselves.  The  various  lymph-streams  all 
pass  through  some  of  tlie  lymphatic  glands  on  their  journey ; 
and  here  without  doubt  they  receive  a  considerable  number 
of  lymph-corpuscles.  It  has  not  yet  be«n  madeont  whether 
the  latter  are  one  and  all  produced  in  the  lymphatic  glandi, 
or  whether  some  of  them  are  colourless  oorpnaclea  that  have 
emigmted  from  the  vessels  in  the  interior  of  the  glands. 
That  thoru  is  good  reason  to  regard  the  traiusudations  of  Me 
•  Heller. 'Hed-Ctbl.,' 1869,  p.  &45. 
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cavities  as  analogous  to  (he  Ijmpb  of  tli©  parenohjinftf  yoa 

know  from  your  physiological  Attidiea.     Tho  «erfra«  caritiet 

are,  as  it  were,  colossal  lymph-spaces  liaring  an  enclotheliara 

endowed  with  the  aamp  power  of  prevoating- the  co:^.'  '.'f 

■the  lymph  as  is  possessed  by  that  of  the  lymphat:.     ,  -   ,!'jr. 

This  povKT  of  checking  coagulation  most  exist,  sinco  lymph 

when  removed  from  the  lymphatic  vessels  aad  serous  cavitivs 

is  wont  to  coagulate  sooner  or  later.     But,  it  need  not  b» 

I  nearly  so  marked  as  it   is  in  the  walls  of    blood-Tesaets, 

inasmuch  as  the  congulnbilit}'  of  normal  lymph  and  sonnx 

transudations  is  very  considerably  less  than  that  of  the  blood. 

Hence  the  cosgnlation  of  the  blood  on  escapiog'  into  the  peri- ' 

cardium  is  not  sorpriaiag,  nor  is  there  anything  remarkable 

in  the  fact  that  inQammalory  transudatiouB,  with  thoir  exalted 

coagulability,  should  so  readily  deposit  pBeudo-merabranes 

on  the  serous  surfaces  particulnrly;  though  in  the  latter  caae 

it  ia  possible  that  more  or  less  extensive  defects  in  Ibaendo-, 

thelium  may  exert  an  important  inQuence* 

Let  us  suppose  the  transudation  from  the  blood -tcfs els  to 
be  normal  in  constitution  and  amount,  and  a  perfectly  stan- 
dard lymph  to  bo  present  in  the  commencements  of  the  lym- 
phaticfl,  tho  qacation  arises  whether  this  lymph  ran  undergo 
pathological  alteraiioun  of  eomposition  on  its  farther  journey, 
and  whether  its  forvard  movement,  i.e.  the  lymph-stream, 
can  experience   atiy  kind  of  di$t*trbanee.      That   pverjlhingi 
entering  tho  lymphatic  stream,  whether  accidentally  or  ia-J 
tentioually  introduced,  is  swept  aw&y  by  the  Ijmph,  and  tbuil 
altors  its  composition,  ia  so  apparent  as  to  Ticed   uo   prt»'jf- 
If  a  solution  of  morphia  be  injected  under  the  skin,  tho  lymphj 
of  the  Tessels  in  question  contains  morphia ;  after  orery  fT*o-| 
ture  of  bone  there  are  drops  of  liquid  fat  in  the  lyin 
of  the  part;  after  every  Kubcutaneous  extrarasation  u  ...u. 
tude  of  red  corpuscles,  aud  after  tattooing  granulea  of  tc 
miliou  or  Indian  ink.     All  these  substuuees  are  trauapoi 
at  least  as  far  as  the  nearest  lymphatic  glands  ;  many  ol 
ihem  pass  through  these,  but  others  are  here  dupueitvd.  oithei 
permanently  or  till  they  become  gnKlimlly  i^ 
cording  to  the  nature  uf  tho  materials,     tf  w  .  ^ —  ^.  ■ 
•  contamination,  it  is  clear  that  Uio  constitntion  of  the  lym| 
can  only  be  altered  by  morbid  proceaaeii  in  iJia  lympbat 
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glantlti  or  lymphatic  vessels.  How  very  nacagro  oar  know- 
lodgo  is  with  regard  Ut  tlio  patliology  of  fhe  lymphatic  glands 
1  was  quite  recently  obliged  to  confess  to  you.  We  are  in 
possession  of  only  a  single  fact  derived  from  c-iperimcnt, — 
that  a  concentrated  lymph,  rich  in  corpuscles,  flows  from  in- 
flAmc<l  glands  ;*"  and  as  for  pathological  experiencej  it  is,  as 
yoo  know,  highly  probable,  though  by  no  meana  certainly 
established,  that  the  v.  efforeutia  are  the  agents  by  which 
the  abnormally  abundant  ijupply  of  colourless  cot'puscles  from 
leakietuic  lymphatic  glands  tutbe  blood  is  effected.  We  are, 
moreover,  utterly  ignorant  uf  the  constitution  of  the  lyinph 
which  flows  from  caseous  glandu,  and  the  same  remark  holds 
good  of  all  the  remaining  morbid  processes  in  which  the 
.lymphatic  glands  am  implicated.  Turning  to  the  lymphatic 
I  Tessels  yon  will  no  duubt  at  once  think  of  fympJianyitit.  I3ut 
though  the  name  is  very  commonly  used,  it  ia  not  strictly 
speaking  applicable.  Fur  in  the  vast  majority  of  these  caees 
the  jnfiammatiou  involres  thi>  sheath  of  tho  lymphatics  and 
sorrouudiug  connective  tisane  rather  than  the  vessels  tliem- 
selres.  Tho  starting-point  of  tho  lymphangitis  is  mo«tIyaa 
infective  inflammatory  focos,  and  the  ensuing  phenomena  are 
nothing  more  or  loss  than  evidences  that  tho  phlogogoaio 
agent  is  crot'ping  nbmg  the  course  of  the  lymphatics  and  ex- 
citing inflsnimntion  wht'rever  it  arrives.  I  do  not,  uf  course, 
deny  that  the  walls  of  those  lymphatics  which  posness  proper 
blood-vessclft,  ratia  ^miijuiHca  ftuorum  hjmphalicitrum,  are  ia- 
Tolved  in  these  inflnmnialionsi,  lint  the  quality  of  the  lympb 
which  flows  thmugh  the  lumen  of  snch  ioflamod  tossoIb  can 
bo  no  more  influenced  by  this  procnsn  than  is  the  composition 
<d  the  venoa<t  blood  by  phlebitis.  The  inflammation  assumes 
importance  only  when  the  veiwel  wall  .suppurates,  when  tho 
intima  or  the  endnthelinni  is  detached,  when,  in  short,  tho 
vessel  ia  so  affected  aw  to  lose  its  power  of  preventing  coagu- 
Ution.  The  natural  resnlt  is  then  a  formation  of  lymph- 
-thrombi,  which  are  the  more  certainly  developed  as  the 
lymph  in  such  cases  is  inHammatur}',  i".  *■.  a  very  readily 
|«oagnIab1e  one.  The  thrombosis  is  still  more  rapid  when 
the  Walls  of  the  lympliatic  vessels  are  n^roted.  Other  morbid 
procflsacs,  such  as  are  met  with  in  the  blood-veeseU,  «.  g. 
•  LftMar,  ■  Viroh.  A.,'  Itix,  f.  516. 
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Amyloid  dt^ueratioiij  sdorosiA,  Suu,  do  not  occur  in  the  Ifnt- 
pliaticji.  If  ynu  nsic  vihai  impoKanoo  tn  lo  bo  RttAohnd  tog 
lymph -thrombosis,  iho  ifply  is  l-hafc,  so  far  as  the  lyraph' 
stream  iuolt'  in  coiicomod,  tho  mechonicnl  factor  tilono  is  im* 
portant ;  by  tbo  coaji^alatitm  thoro  is  introdaced  into  tlio  cot 
of  tho  lymphnticK  an  abnoiinal  resistance  which  must  bo 
gardod  as  the  oquivalcnt  of  ocolnsion  of  the  TOBseli  proridni 
that,  as  is  nsital,  tho  thrombus  is  an  obAtrDotive  one. 

This  brings  US  to  tlie  spcund  poiut — the  casual  distorbanoom 
to  which  the  flow  of  lymph  is  open.  Tho  lymph  is  divert! 
from  it^  natural  channol  when  tbo  walls  of  tbo  lympbfttjf 
have  imdergono  a  solutiou  of  cnntinnity.  Lyroph  may 
from  tho  poriphctBl  lymphatics,  mcure  ospoeially  of  tbo  ox- 
tremitios,  or  from  the  doctus  thoracicos— in  b- '■ 
conse^juenco  of  injury.      Yet  periphoral  lymph'fi-  ■    -Mr 

utcerAtJTe  processes  have  also  bwin  mot  with,  and  rupton  o| 
the  thoracic  dnct  after  ^nomicus  dilatation  m  oonaeqnui 
of  st«uo8is  has  been  serural  times  obsorvod.     The  lytt] 
escaping;  from  au  oponing  in  thu  affected  vessel  is  oudor 
ei renin sUincos  lost  to  the  lymph-stream,  and  h-  ■  ■  thai 

bluuil'circalation  ;  yut  the  e&cot  so  pruducc-d  is  Ij 
proporlioual  in  all  cases  to  the  amount  of  lymph   lort. 
poripherat  lympliorrni/ia  is  always  much  less  hassi  '         "   <n  : 
ono  from  Lhu  U.  thunvcicua.      For  in  thu  laLlvr  can*.'  y 

tbe  cbylo  eumplutcty  cr  purliully  removod,  bnt  even  in /a«<*li 
animals  the  lymph  uf  thi>  trunk  appears  tu  possess  ft 
dignity  (/uuik/  tntam  tbau  does  that  of  tbo  pxtreoritN 
Lesser,*  oxpenmetiting  in  Ludwig's  IsbornLory,  found  tbit 
in  fastinf^f  animals  so  bad  roselta  atUmd  tho  witkdrawml  oi 
a  vory  coiiKtdurable  amount  of  lyiriph  from  a  fialula  of  Iki 
Ihoraoio  duct,  provided  that  pampinji^  movements  be 
out  on  ihu  <^\t^emitieB:  whcruas,  if  ihe  exirumities 
at  rust  ttiit  animals  die  after  a  Io&b  of  lymph  t-qunl  lo  U 
khan  a  fourth  part  the  blood-(|aantum.  Tha  other  rcmlta 
lyniplinrrhn^'ia  dp]innd  chiefly  on  Lho  dirocition  in  which  Lfai 
eitravfisatin^  lymph  is  poured  out.  hi  periphpml  Irmph- 
fistolas  it  is  invariably  disoliarged  on  io  thtt  im  •_ 
This  hns  also  been  observed  in  injury  ol  tli' 
olthiingh  in  thoia  eoKis  ad  a  rulu,  and  oarln  ^ 

*  LsMor,  *  Arb,«u»  d.  Uipt.  fhyw,  As^/  187^ 
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of  tho  dact,  tho  coutcota  o£  ibe  latter  outer  the  correspoudiDg 
seroDS  cavity.  In  this  way  there  tiriginate  rhyiowi  ascites 
aod  chylous  hydroihoraXf*  whose  amuanl  is  generally  very 
uoasiderable,  and  which  have  ohriouHJy  a  tendency  to  bo 
very  rapidly  renewed  after  tapping.  If  the  solution  of  con- 
.tiiiuity  uf  the  duct  be  due  to  rupture  in  consequence  of  ab- 
}nnal  distention,  reoorery  ia  probably  impossible.  On  the 
cuntrar}',  after  wounds  the  process  of  healing  is  as  a  mle 
(•any  of  accomplishment,  since  the  trifling  pressure  under 
which  tho  lymph  everywhere  flows  essentially  favours  the 
adhesion  of  the  edges  of  the  woond  and  its  spontaneous 
ctoBUTO  by  rhroinbosis. 

Under  these  circnmstAnces  a  greater  interest  attaches  to  the 

Iinbjeci  of  the  Blowing  and  obstruction  of  the  lymph-stream, 
whether  this  be  due  to  tk/alliHg  of  in  the  motor  forc/^s  or  to 
the  interjiolttliono/ahnorm(dTtitii>tnnees,  But  can  the  lymph- 
stream  really  bo  impeded  by  the  former  of  these  causes  P 
The  motor  force  chioHy  instrumental  in  carrying  on  the  cir- 
oalation  of  the  lymph  is^  you  are  aware,  the  transudation 
through  the  vessel  walls  ^  and,  as  already  stated^  we  arc  not 
ac<[uaintcd  with  any  active  co-uporaLiuu  ou  the  part  of  the 
lymphatio  vuiiaela.  Honce  aO'CaUiMl  puralyeiv  of  the  lym- 
phutictf,  whioh  iti  tiometimes  luokod  upon  aa  tho  caueo  of 
various  dilatations  of  the  lymphatic  spaces,  cannot  be  Borioosly 
discuttaud  in  this  connection.  The  ouly  point  we  havu  to  cou- 
sidtir  ia,  in  my  o])iuiuii,  how  the  lymph-stream  reacts  whun 
the  action  of  the  well-known  ro<ojuTa<i7i{;/orc8«  is  HuapeudiKl 
— when,  as  may  happen,  tho  muscnlar  movements  are  reduced 
to  a  minimum,  and  tho  itispimtory  suction 'act  ion  of  tho  thorax 
is  considerably  impaired  by  shallow  respirations,  or  still  moru 
by  empbysoma  and  the  like.  Now  will  you  please  boar  in 
id  that  the  production  of  lymph  in  the  extrcmiliutt  iiiw^lf 
)me»  extremely  scanty  in  the  al>senoe  of  muscular  move- 
ments, and  that,  although  the  inspiratory  suction-action  of 
tho  thomx  should  cease,  there  still  remains  a  corrospondiug 
acciou  of  tho  heart  in  diastole.  That  aspiration  by  tho  thonuc 
is  far  from  necessary  to  tho  regular  continuance  of  tho  lymph- 
aireom  is  moet  clearly  taught  by  the  behaviour  of  tho  latter 

*  Of.  Qnincke, '  D.JlI.  klin.  H»d.,'  xvi.  p.  lai  :,a)ao  eoataiu  rvGortooM 
to  Utuatun. 
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in  A  cnmriiuddog'  whose  respiration  is  maintained  nrtifieiaDf. 
If  a  dog  be  treated  in  this  way  and  the  d.  tborac'  ioA 

where  it  enters  the  subclavian  vein,  you  can  aev  :  ^^     the 

tbin  wall  of  ibe  veasel  the  cocttinaous  flow — etrcngthencdonly 
at  each  dtastule— of  the  lymph  as  it  ent'era  ;  aud  Ibia  in 
Borrable  even   when   ihe  ppritoneal  caiHiy  i-?  laiil  opoD,  nnc 
consequently  in  the  absence  of  any  pre*>aure  by  the  abdumii 
mnsclea.     Accordingly,  I  tbiak  we  may  uDheait-nting'ly  info 
that,  no  long  as  the  production  of  lymph  does  not  i-xceed  tl 
normal  limits,  absence  of  Ihe  o/l-mtntumed  norevtory  /orem 
incapable  vf  laidiny  to  any  disturbance  uf  the  lymph-etretu^ 
worth  mentionimj. 

The  interpolation  of  abnomial  reeietanetft  in  thti  coorae  ol 
the  lyniphaticB  must,  ou  the  other  hand,  inpeda  tbo  lymph^ 
stream  in  a  very  much  higher  degree.  In  ibe  peripbei 
lymphatics  the  rcRistanco  may  be  oocaakmed  in  vnriuns  vraya 
and  in  the  lymphatic  glands  the  Htroaiu  is  oiiually  liuble  « 
meet  with  mure  or  losa  powerful  impedimeuta.  You  willj 
however,  gladly  dispense  with  apposite  illaHtmttons  on  bear- 
ing that  even  theeompUte  tutcrruj/tii/n  of  the  I"  i<'ittrcun 
by  the  HppHcalion  of  a  ligaturo  jh  pnicticnil  ■■  ndtd  frj 
eim»eqjiaux*.  Tou  may  fully  extirpate  the  lymphatic  glanc 
from  ibe  poplitnal  npace  of  a  dog — the  largo  ghuida  wbiitl 
reci^ive  ibo  principal  lytnphatic  trunkn  from  below  tiitf  ki 
without  giving  riso  to  any  morbid  symptoms  tn  the  pawa  vt 
legH,  and,  in  particular,  wiihoat  any  tmne  <  '  ' 
easy  to  explain  why  this  ia  ponsible.  By  n^i 
largo  nambor  of  lymphatic  vessels  oodorgoing  repcHtod  ai 
astomosis,  and  capable,  thorc-fore,  of  reprosen' ' 
prorision  is  made  that  the  occlusion  of  oin 
lymphatics  shall  bo  followed  by  no  diHturbancu  in  tho 
of  lymph  ;  while  as  rogai-ds  the  lyuiphRiic  glnodti  ihcir 
tomical  arrangement  i«  such  that  the  lymphatics  of  an 
dio  not  all  enter  the  aavm  glands,  a  number  of  branclie*  pAesin| 
by  thoM  and  discharging  into  those  sittio'  ^i 
Thus  in  a  dog  whoso  glandnlapopUtoabaTi'- 
a  ligature,  the  inguinal  or  pelvic  lymphatic  glands  nuhy 
readily  injected  from  tho  hind  paw.*     Finally,  when  ' ' 

*  Aeconling  to  n»i>nhliii>u)>]  ei[Mfinietit»  esrrini  <rat  \rf  t.  ^y.iumx 
lUchbeif  in  the  PatholiifpaU  ]tutitut«  of  Laijaig. 
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some  cause  or  other  tlio  whoh  of  the  Ipupliatics  leading  from 
u  pai't  liavo  artually  bften  remleroil  impervious,  tha  bUioil- 
capillaricsj  as  a  lai^t  resource,  cau  take  on  their  function 
ric»rioDitly  by  theinsoIvoB  uiidertaktog'  the  removal  of  the 
parODohymatous  fluidn,  till  thrtiugb  Lho  establighment  of  an- 
astomoReB  with  tlin  lymphatics  oi  Uio  iieighbourhuod  new 
Itfvtphalir  effluents  havo  originated.  Even  when  the  d.  thor- 
acious  has  become  occluded  in  inan,  either  by  tiimoum,  by  a 
cicatrix,  or  by  throm1>osi»  of  the  v.  siibctavia,  a  devolopmcul 
of  coUaterol  effluents  has  been  repoattsdly  noticed  ;  and  when 
tho  d.  thornciciis  of  a  dog  is  ligatured  at  its  termination  the 
coosoqucnccH  which  irould  othcrwiso  attend  the  operation 
arc  almost  invariably  compensated  in  ihia  way.  Should  thia- 
rnltatoral  oiroahition  fail  to  be  dovoloped,  then,  indeed,  the 
rt-'niiU  18  wide-spread  stagnation,  chiefly  of  the  chyle,  and, 
to  a  ranch  slighter  extent,  of  the  lymph  thronghoat  the  ontiro 
body.  The  duct  itself  on  the  peripheral  side  of  the  obstacle 
as  well  as  the  cystema  chyli  and  cbyle-vossels  of  the 
mesentery  become  distended  into  thick  vatieoae  cords.  The 
lymphatics  of  the  liver  nnd  kidneys  are  also  couBpicoonsly 
wide,  while  an  abnormal  dilatation  of  the  peripheral  vcasela 
baa  not  been  observed  except  in  isolated  caseii.  That  the 
tttrongly  distcndod  ohyle-vessels  occasionally  ruptnre  I  men- 
tioned a  few  moments  ago.  But  even  if  we  diaregard  the 
chylous  ascites  thus  originated,  the  conneqaence  of  utenosis 
and  occlosinn  of  the  ductus  tboracicu*i,  when  no  collateral 
ehannela  come  to  its  aid,  is  always  hydrops — ascites  and  prob- 
ably ucdema  of  the  abdominal  organs.  The  condition  of  the 
akin  and  extremities  cannot  be  gathered  with  any  certainty 
from  tbo  literature  ;  general  cedema  or  extensive  Kcler«.>i3enna 
is  often  mentioned  as  due  to  imperviousness  of  the  thoracic 
duct,  although  in  other  ca$e«  special  streets  has  been  laid  on 
the  libsenoo  of  dropsy,  and  this  by  eminent  authorities.*  The 
diOiculty  of  coming  to  adccisicm  on  this  point  is  still  further 
increated  by  the  fact  that  many  of  the  examples  of  closure 
of  the  duct  were  complicated  by  a  coostitutioual  disease  which 
in  itself  tended  to  produce  dropsy,  e.g.  wbera  the  occlusion 
was  due  to  metastatic  canceroua  nodules.     This  applies  with 

•  Ct.  Vintbo«. '  Bdb..'  i,  p.  303  :  further,  Uetlrr.  *  D.  A.  f.  klin.  Mrd  . 
I,IM4l. 
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^MXjifU  force  to  that  rarie^  of  imptnlimeDt  which  is  indii 
patably  the  most  frequenfc  of  all  thoao  to  he  uvercume  bj  iht 
lymph-stream  of  the  ductas  tboracioas,  namely,  the  incraiwi 
oE  TCDOUB  tension  prodaoed  by  non-compeDsaied  or  iinj 
footly  compenfiatrdl  cardiac  lestoua.     That  the  uni  i  '  tb( 

chyle  into  the  oubclaviau  vein  miutt  in  such  case  b-  ,^lj 

impeded  goes  without  sapng;  but  at  the  Baine  timo  joa  are 
aware  that  this  factor  id  not  noceiBaary  to  an  explamUicm  ol 
the  dropsy   of  pemonH  Hufforing  from  heart,   disemio.      B<if 
faowover  this  may  ho,  will  you,  at  aoy  rate,  bear  in  mind.  k1 
the  whole  qnestion  of  dropsy  through  interference  with  al 
sorption  and  with  the  lymph-streani  applies  only  t«  abntii 
resistances  in  the  ductus  tlioracictia  f     Even  total  ooc/tuii 
of  all  the  lymphatics  <>f  a  part  is  nerer  followed  by  tDdomi 
of  the  part  provided  the  itecretion  of  lymph  vrithin  it  ia  oor-' 
mal.     For  the  extremities   thi;*  fact  has  beeu  indabilably 
eRt»l>lished  by  experiment  and  by  pftthological  uxpurteuoe; 
hencp  it  appears  to  mc  extremely  hazardous  to  rvsaume  will 
Wegner*  for  the  abdominal  cavity  that  diminiabed  rcitorpiif«j 
by  the  diaphrafrraatic  pamp  is  a  direct  cauM  of  asoitea,     Gi 
did  the  resorption  by  the  lymphatics  of  the  diaphragm  coass' 
completely,  the  blood-vesaels  of  the  peritoneum  would  soffico 
to  carry  off  the  small  quantity  of  perik-neal  iluiJ  ■  '  '■'■      ,ta\ 
ina  normal  condition  be  absorbed  iuoi-dt-r  that  til'  moa. 

renewal  of  the  serous  transudation  may  be  carried  on.  Al 
these  considerations  lead,  yon  see,  to  but  one  oonolnnoBj 
7tamelt/f  that  for  the  productittn  qf  hydrops  the  it 
from  the  blood,  i.  &,  the  tymph'fonnaUon,  muH  Im 
above  tha  normaL  There  is  a  very  substaniin'  i 
whole  qaeetion  of  mdema  should  centre  rouod  i  < 
if  it  be  dao  to  the  ricariona  action  of  the  blood-rewuU  thai 
oessation  of  resorption  by  way  of  the  lymphatioH  emaata  nq 
abnormal  acctmiulation  o(  fluids  in  the  parmcbymatons  oi 
or  body  cavitiea,  it  immediately  follows  that  erury  distnrbaD< 
affecting  tbo  resorptive  power  of  the  blood-captllanea  mi 
much  more  certainly  lead  to  cedoma  than  do4M  diKtnrlHUM 
of  the  lymplncics;  bnt  that  these  procosacs  precisely  yrhv 
so  powerfully  auf^ent  tho  tnaisudation  from  within  ontward 
(the  filtration)  must  directly  impede  the  flow  lu  an  o{ 
*  Wofpior,  *  LsB^  A^*  zx,  p.  $1. 
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din>rtioD  is  at  once  oWiotts.  Accordingly  wheneror  wo  meot 
wilb  na  indoma  or  livdrops  wo  sfaaU  always  oslt  om'selvL>a  tho 
question,  what  if>  the  cause  of  Iftc  pathological  increase  o/  the 
iranaudaiion  from  the  voesels  of  the  part  affected  ?  For  in 
tliD  vast  majority  of  all  di-opsieB  wo  sliiill  fiud  ibo  lymphatic 
Hlroaiu  iiot  moroly  not  impeded  bnt  even  accclei-atod  aad 
augmented — in  all  cases,  at  least,  where  no  additional  special 
obstacle  is  opposod  to  it.  But  if  an  obnormally  copimia  trau- 
audaiion  bo  in  itself  capable  of  causing  cedcina,  despiie  the 
perviouBncs3  of  tbo  lymphatics  aad  nogmentation  of  the  flow 
of  lympl),  it  is  Felf-ovidcnL  that  tho  rapiiHly  wit1i  winch  tho 
oodcnm  dorclopti  and  the  dimonsions  attained  by  it  will  in- 
creaao  in  proportion  to  the  Hmallnoss  of  tho  quantity  of  fluid 
convoyed  out  of  tho  part  by  thu  lymphatics.  The  final  con- 
clusion to  which  wo  are  Itjd  by  our  discussion  ia, — inlerfrranen 
vsiih  or  aioppago  of  the  lymph-alream  cannoi,  it  is  true,  give 
rite  la  aedeaut  but  can  increase  an  veilevut  ntheruwfs  eondititmed. 
Tho  conditions  nnder  which  the  transudation  from  tho 
1)tood*ves8eIs  is  abnurmally  increased  have  already  been  so 
thoroughly  discussed  that  wc  can  liorc  afford  to  disponso  with 
a  considcmtion  of  them.  The  first,  aud  certainly  not  tho 
least,  difficulty  in  the  whole  matter  arises  oak  of  the  circnm- 
stance  that  the  behaviour  of  tho  vessels  with  respect  to  trannu- 
dation  is  not  tho  same  throughout  tho  whole  of  the  body. 
Aft  regards  tho  abdomtnaJ  vessels  thero  wero  a  nambor  of 
facts  pointing  to  a  peculiarity  in  tho  constitution  of  their 
walla.  According  to  an  ofL-i^uoted  experiment  of  Herbst,* 
which  Brucket  was  repeatedly  successful  in  confirming,  when 
milk  is  introduced  into  the  jugular  rein  of  a  dug  it4  globules 
pass  over  iuto  the  liver  and  other  abdominal  organs.  An 
analogona  oocurronco  was  observed  by  Toldtj  on  injecting 
aniline-blue  iuto  the  vascular  system  of  a  dog ;  and  I  have 
moi'Q  than  once  mentioned  that,  during'  digtisliun  the  chyle- 
vessels  of  the  mesentery  constantly  contain  a  number  of  red 
blootl-corpuscles.  To  these  facts  must  be  added  the  results 
of  the  experiment  ou  hydrtemic  plethora,^  Trhicb  show  in  the 

•  Hcrbst,  '  D.  Lympliifo&wiyrteiii  n.  b.  Vorricitong.* 
t  Brocks,  'Vorl,  Qbfr  Phyniol..'  j  Aufl.,  1875,  t,  p.  »). 
{  Toldl,  •  Wiem.  xkul.  StigRb..'  Irit,  Abtli.  3,  1 868.  Pebr. 
§  Cobnliviui  u.  LM-hth«iai, '  Viich.  A.,'  Uix,  p.  I06. 
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tnosi  sinking  way  that  the  vessels,  not  only  of  Ihv  abdoi 
nrgans,  but  of  all  orjj^ans  whoso  function  conatata  in  tlio  aepo* 
ratioD  of  a  watery  BocratioQ,  possms  a  degree  of  pLTtoeability 
to  wator  and  watery  solutkiDs  very  difforoat  from  that  of  the 
vessels  throughout  the  remainder  of  tho  body.  1  lately  callvd 
your  atteuljou  to  the  naturalness  of  assumtDg  that  this  pro- 
perty of  tho  vessel  wqIIm  is  cennectod  with  tho  secretory  fnnc- 
tions  of  tho  organs  in  question.  To  fcay  more  than  this  wontd 
not,  so  far  as  I  can  judge,  ho  justifiable  in  the  present  state 
of  our  knowledge.  We  must  first  hnrc  an  exact  arqiiaintonce 
with  the  individual  component  parts  and  Etages  of  tho  prooesa 
of  secretion.  So  long  as  wo  are  denied  an  insight  into  the 
finer  mechanism,  by  means  of  which  tho  same  arterial  con* 
gestion  is  uoaccompanted  by  the  sliglilcst  tmco  of  transsda- 
tion  in  tho  absence  of  excitation  of  tho  Hocrotorj'  nerves,* 
and  at  other  timcs^  whon  it  coincides  with  the  aotirity  of 
these  nerves,  permits  such  on  abundant  passage  of  Ooid — » 
long,  I  say,  shall  we  in  vaiu  attempt  to  explain  ihe  beharionr 
of  ^o  glond-vesscls  towards  an  nagmenlntion  of  theabsolate 
watery  contents  of  the  blood.  To  simply  lay  it  down  that 
these  Organs  are  originnlly  set  apart  aa  regolators  of  the 
quantity  and  qaality  of  tho  blood  by  sccnring  the  removal 
from  the  vascular  aystcm  of  everything  foreign  to  it,  would  in. 
the  firiit  placebo  a  paraphrase  and  ooexplnnalion,  andwoidd 
in  tlio  second  place  leave  tho  real  difHcutty  untoached.  For : 
tins  consists  in  tho  fact  that  in  hydrsnmic  plethora  thereSMlaj 
couceroed  allow  the  passage  of  the  fluid  t/ut^  tHdeftrHdeuOf ' 
of  the  artipa  of  the  aecnfory  nervt*  ;  so  that  in  a  Hog,  the 
function  of  whose  chorda  is  completely  snsr  '  '•-  tropine, 
the  salivary  glands  b(.<ci>aie  highly  ajdom^.  '  t  eolti- 

tion  has  beeu  injected  into  tho  blood.     But  since  we  are  here 
face  to  face  with  an  unsolTeil  enigma,  it  is  tho  more  BUkttor' 
for  congrutulatiun  that  precisely  these  uudeuias  of  hydnemic ; 
plethora  hare  no  pradiral  signilicance,  if   !  may  niw  the  i 
oxpressiou,  iuasmocb  as  they  can  hardly  occur   iu   liuiuui 
pathology. 

The  wdeiuas  with  which  the  latter  baa  to  reckon  uel 
Ihnited  to  two  vsrielies— that  dependi' 
uiid  that  due  tv  altuTiitionii  in  the  i  ■ 

•  Upidtfnluin,  *  PflDg.  A,'  t,  y.  309. 
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learned  from  former  Iccturcit  what  nn  important  part  h  played 
in  patliology  by  codcma  of  tlie  first  category.  Gonora) 
fvtagnatire,  or  a»  it  is  termed,  mechanical  dropsy  as  well  a» 
dropsies  of  particular  partA  are  ttome  of  tbe  moot  commua 
cTerj'day  exporieuces  ;  the  former,  f,  y.  in  imperfectly  oom- 
pL'UMt^d  cardiac  leHionti,  the  latter  in  venous  tfaroraboaia  and 
nil  kinds  of  prooosses  which  raise  the  pre&sure  on  the  venous 
side.  I  then  attempted  to  show,  too,  that  the  factor  which 
ubtjuutialiy  dcturmlues  the  onset  of  the  droptsy  is  the  dispro- 
portion between  alHux  and  eCBux,  and  that  the  occurrence  of 
mechanical  cudema  after  paratyttis  of  the  vaso-moturs  in  cir- 
cuuiuLanceH  where,  as  demonstrated  by  Itanvier,*  without 
paralysis  it  would  be  absent,  depends  solely  on  an  increase 
of  this  disproportion.  Moreover,  this  proof  of  Ranvier  has. 
For  reasoDH  oanily  iindonitood,  impressed  physiologists  and 
bistulogista  more  than  it  has  pathologists.  On  now  inquiring 
into  tho  finer  mechaniRm  of  mochauical  hydrops  we  Hball 
imtundly  tUiuk  Grnt  of  the  auijmenlalifm  of  pressure  in  the 
capillaries  which  must  necessarily  follow  ou  venous  stagua- 
titm.  Out  aUhoiigh  tho  pressure  ia  without  doubt  one  o£ 
tho  determining  factors  in  tho  process  of  filtration,  iG  may 
ba  directly  proved  that  the  walls  of  tho  blood- vessels,  as 
compared  with  ordinary  physical  membranea,  react  differently 
to  changes  of  pressure.  For  if,  fieleris  paribMs,  the  tran.tada- 
tion  through  the  capillaries  increased  proportionately,  or 
nearly  so,  to  tho  internal  pressure,  it  wonid  be  impossible  to 
dUcovor  why  arterial  congestion — which  undoubtedly  raises 
the  capillary  pressure,  though  to  a  less  degree  than  does 
venous  stagnation — is  absolutely  without  iufiuenoe  on  tho 
transudation  of  the  part  affected.  This  is,  however,  tho 
-case,  not  only  in  the  skin  and  mnsclcs  but  in  the  glands  also. 
On  producing  paralysis  of  the  secretory  nerves  of  the  sub- 
uiaxillar^'  of  a  dog  with  atropine,  aod  stimulatlug  the  chorda, 
there  follows,  as  was  shown  by  Heideahaiujt  a  most  typical 
arterial  congestion  of  the  gland ;  yet  tw(  a  drop  more  Ijf-inph 
4owB  from  a  cannula  fixed  in  the  cervical  lymphatic  trunk 
than  there  did  before  the  stimulation.  In  only  one  locality 
does  cedema  arise  in  consequence  of  arterial  congestion  ;  this 

*  Baavicr.  *  Ootnpt.  nmiL,'  hdz.  No.  25. 
t  UetdeDhain, '  Pflug.  AV  v,  p.  309. 
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is  the  tong^ue  o(  the  dog,  which,  as  yoa  savr  yourselves,  swul 
on  prolatlgi^d  iiritatioD  of  the  UagaoUs  (p.  141).  ilni 
ever  iDdubitalilo  this  fact,  it  romains  up  to  the  proimtit  an 
iBolated  one,  bo  that,  owing  to  it*  cxcpptianftl  poaition,  na 
conclusion  of  a  more  funeral  kind  can  hv  drawii  fmm  ik» 
So  long,  in  particular,  as  cho  dotaik  of  the  prncesii  by  whifili 
ChetumcfActioD  is  here  brought  about  continao  unknown,  the 
rale,  ostablisbcd  by  various  uiporimcuts  in  the  most  differont , 
localities,  that  arterial  fluxion  causes  do  perceptible  inorukjiti 
of  transudation,  muse  retain  its  full  validity.  Hot  apart  frotn 
the  amount  of  the  rise  of  pressure,  lot  ur  conndor  in  wluU 
other  respect  the  circulation  differs  in  capiliarios  which  are 
the  neats  of  coageatiou  and  of  (Stagnation  ;  the  vdUn-ily  of  the- 
blood-stream  in  altered,  being  in  tho  one  caiw  oonsidcrmbly 
inoreaited,  in  the  other  no  less  diminishod.  In  that  form  of 
retardation  of  the  flow  which  set&  in  in  the  train  of  local 
ansemia,  the  transudation  undergoes,  it  is  tme,  no  inCK>aM 
whatever  ;  but  hero  the  capillary  pressoro  i»  not  tmlv  no( 
augmented,  but  even  reduced  below  normal ;  ati'l  '  '  Sia 

fact  in  no  way  prejudices  the  possibility  that  with  i  >.40 

o£  preu-sure  a  retardation  of  tho  istream  mu»t  bt*  .:.  -  ■<■<  a^d 
before  the  filtratiou  through  the  blood- vca±iu Is  caa  Bxceed 
the  normal.  The  eecoud  aud  much  more  striking  oontxa- 
dictiou  between  the  laws  of  capillary  transudation  oiid  tfaMw  I 
of  Gltrutiuu  through  physical  niembranos  is  iippart^nCjy  dia- 
posed  of  by  the  recoct  iuvcHtigatiou  of  Bautfbcr^*  on  the 
tiltratiott  of  Rolutious  of  albumen.  For  whili!  il  was  furmerly 
generally  held  that  tho  quantity  of  albuminates  fiUoring 
through  a  mombrauo  was  greater  the  higher  the  prvMuro 
under  which  fdtration  took  place,  thiA  writor  has  dotvrmined 
by  ezporimcntsiu  which  he  employed  fresh  rabbit's  tnUistuw 
for  bis  SIter>4  thnl,  oihor  roiiditwitu  being  equalj  Uu  aiimmmt 
fiUer*  Ihnmijh  th*t  higher  the  JUtratioii'prvtmtn  htcomm.  No] 
doubt  the  identiBcation  of  the  rabbit's  intpscine  vitli  the 
living  onpillary  wall  tH  in  nmuy  respeols  a  doubtful  praooed> 
ing ;  moreover,  the  expt^nmental  results  of  Raneberfif  ban 
by  no  means  paued  undinputud.t     However  Ihia  m*.y  \m, 

•  KuncWrif, '  Airh.  d.  lleilk.,'  xriii,  p.  i. 
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Runebor^B  Berioa  of  experiments  teaches  at  least  what  reserve 
mant  l>o  niniiiLninod  in  draTring  coQclusions  with  regarU  to 
tbo  trans II (IntioD  from  the  capillnries  of  the  liviug  bo«Iy  from 
tito  liohaviour  of  dea^  auimal  membranes.  For  precisoly 
tlie  Game  relation  an  obtains  for  solutions  of  albumen  was 
dc'tenuined  by  Itnnobcrg  to  hold  good  of  finely- divideil  bodies 
in  sm^cnnion,  the  intogtino  being  tho  less  permeable  to  the 
laLUir  the  lumber  the  presgure  it  has  to  sustain.  Of  transuda- 
tion due  to  stagnation  yon  kuoiv,  however.  Mat  it  i*  poorer 
in  ulhutm-H  ihnn  normal  Ufmyh,  and,  oti  the  other  hand,  ctm- 
nAf:Tnh}ij  richer  in  *)«r/>f««/nV  countiiuent*,  i.  e.  hhotj-rorpunele*. 
Uenee  it  follows  tbat^  as  nlrondy  stateilj  we  are  not  yet  ia  a 
position  to  propound  a  mechanical  theory  of  the  oedema  of 
stflg'iiatiou,  aiul  that  the  aul  of  ttvknOHrn  iuJluMtce^t  pro'-f-tdinij 
fntm  the  licijig  vessel  wall  must  be  called  in  for  its  iutorprotn- 
Itoo.  Thus  though  vcuoiis  tftitgnatiou  has  repeatedly  boeu 
made  the  subject  of  cspcrimout  as  well  as  of  pathological 
^observation,  the  facts  alone  are  indubitably  estafalishod.  We 
'know  that  in  stagnation  an  increased  amount  of  fluid  tran- 
sudes;  we  kuow  further  that  this  fluid  is  jMfjr  in  aWununt 
and  in  eolottrU-ng  corjru^rhftt,  and  thcrcforo  little  diftposed  to 
roeujulaff. ;  and  that,  on  the  other  hand,  the  rcKl  RorpaoeloB 
met  with  In  uiechatiic-al  a'demaare  ninre  nhunditnt  in  pn^or- 
lion  as  the  venons  efflux  is  impeded. 

While  oven   fur  mechanical  dropsy  wo  are  compelled  to 
[luwumo  a  peculiar  influence  exerted  by  the  Teasel  wall,  this 
latter  acquires  a  still  greater  importance  in  all  the  remaininjf 
■vnrietios  of  hydrops,  by  whatever  names  they  are  known.     It 
FbiB  already  been  shown  that,  of  the  varions  properties  of  the 
vetool  wall  which  must  )k<  considered  in  discussing  the  rela- 
tions between  it  and  the  circulating  blood,  it  is  the  poroug- 
wjrn  or  ■pcrmc4i}AUiy,  on  whose  alteration  or  augmentation  the 
increase  of  the  trausadation  depends  ;  while  at  tho  same  time 
■IMtcinl  attention  wa9  directed  to  the  fact  that  we  have  almost 
rithoot  exception  to  deal  iu  theNecases  with  processes  occur- 
ring JD  the  capillaries  and  small  veins.     Thore  can  therefore 
be  no  doubt  [hat  hert^  aUo  thr  condition  of  tho  cndothtiUum 
»  tho  essentially  determining  factor.     The  endothelial  mem- 
brane ia  the  proper  fdter  belweea  the  blood  and  the  sor- 
idiog  tissno  or  cavity ;  tbis  it  is  thai,  drapite  its  extra- 
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■  ordinary  thinnftss  and  delicacy,  gnfficoa  in  nonniLl  ootiditfoiiai 
'-to  confino  not  only  the  oorpasoalar  consiitucatA  uf  tlie  blood, 
'hni  the  greater  part  of  tlio  dissolved  albamcn  &■  well.      Sinca.i 
however,  the  endotholium  ie  a  tmo  animal  uutmhraM  the  l»wi' 
applying  to  filtration  throngh  animal  ntombranes  hold  good 
'  of  it ;  and  it  perfectly  accords  with  this  that,  as  comparM  I 
with   the  blood-serum,  the  composition  and  amount  cF  thn 
salts  passing  over  into   the  tranBudntiona  remain  approxi-j 
mately  the  same,  while  the  albaminoas  contents  of  the  tt 
dndations  is  onder  all  circumstances  reduced.     MoreoTw,  II 
stated  a  moment  since  that  the  now  principles  <wliiblishcdb/J 
Runeberg  admit  in  part  of  a  direct  applicAtion  to  tbo  eapil-J 
Inry  membrane.     Yet,  as  yon  no  doubt  noticed,  in  part  only.f 
For  the  endotbelium  of  a  reatol  is^  on  the  other  hand,  ik\ 
living  t-is»ue,  or,  if  you  prefer  it,  organ,  with  a  metaboliim 
whicb,  though  quite  unknown  to  us,  is  certainly  very  octJTe. 
"We  are  unable  to  give  its  chemical  compoaition  with  exmct- 
nc8S,  to  say  nothing  of  the  processes  by  which  its  normal  con- 
stitution is  maintained.     We  cannot  do  more  than  doscribal 
the  conditions  which  must  be  fulfilled   in  order  that  it  may 
remain  intact.     The  most  important  of  these  is  the  bathing 
of  the  endothelium  by  the  normal  blood-itream,  t.  f.  the  blood 
must  not  depart  lo  any  considerable  extent  from  the  normal 
standard,  either  in  composition,  amount,  velocity,  or  tempe- 
rature.    Hence  so  soon  as  the  blood  or  lymph  contains  sni 
stances  chemically  foreign  to  it  which  come  into  cuntaci  with 
the  ondotheliam,  so  boou  as  the  temperature  bi^comea  fnllj 
abnormal,  so  soon  as  the  albuminooa  contents  uf  Uie  blooil^ 
grow  abnormally  small,  so  soon  as  the  oxygen  coutimtK  of  tho 
blood  fall  through  any  cause  below  tho  normal,  or  bo 
on  considerable  local  disturbances  of  tho  cirenlation,  such 
extreme  iechtDOiia;  pronounced  renous  st&gnaLiuti.have  beoom* 
cstabliohed  in  the  vascular  area — we  must  in  all  these  oases 
expect  sooner  or  later  a  reaction  on  tho  part  of  tV       -  '  •' 
iinm.     Tho  rapidity  and  vigour  of  this  reaction  dt ; 
on  tho  degree  of  severity  and  permanency  of  che  nnxn  u 
which  the  ondotheliam  ia  exposed,  and  portly  on  its  irennlri- 
bility,  orj  if  you  prefer  it,  irritability,— a  property  that, 
yon  are  well  aware,  differs  iu  different  Teasels.     But  thoagli 
yro  are  not  in  a  poeititm  to  specify  the  precise  alteratiuns' 
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Cftlted  furth  in  the  endothelium  bj  the  indmdaal  noxro,  we 
luv  acquainted  with  some  of  the  functional  disturbattcet  att«nd- 
ing  thejso  alterations.  Tbo  permeability  is  one  of  tho  func- 
tions cooceruc^ ;  and  this,  if  affected  at  all,  apparently  sufFeru 
aa  avymentatioH  as  the  effect  of  each  of  those  noxso.  There 
is  first  an  increase  of  permeability  to  dutnolved  albutnen  and 
then  to  tho  corpuacular  eteinenta  of  the  blood.  There  nnqnes- 
tioaably  occuth  a  gradual  ascent  from  the  former  to  thi>  latter, 
i,e.  in  thi'  elighter  degrees  wo  tjud  the  traueudation  cou- 
aistiug  of  an  iucrtiatii.'d  amount  of  an  albuminous  solution  with 
ma  abnormally  bigb  percentage  contents,  while  in  moru  pro- 
nounced vam-v  the  corpuscles  also  trutiiiude.  Tho  pruporlion 
of  tho  corpuscles  to  the  serum  iu  the  tmusudatiou  may  depend 
un  still  other  conditions— on  whether  e.  g.  the  adhesion  of  tho 
vessel  wall  with  tho  blood,  i.  c.  tho  frictioual  rcsistancoj  hixs 
iucruahcd  at  the  biiino  time  with  the  jhormeability^  and  thus 
given  rise  to  pavemoutiug  and  stagnation  of  the  blood-cor- 
puBclos,  but  it  IK  also  ]>i>S!:;ibl{>  that  particular  iioxm  arc 
attended  by  particular  disturbances  of  transudation.  I  re- 
ferred a  short  time  since  t«  Factors  which  make  it  not  improb* 
able  that  the  tmpoTCinHhment  of  the  blood  in  oxygen -cnrrioTS, 
ur  tbo  defective  function  of  these,  increases  the  penneability 
of  the  capillary  walls  to  rod  blood-corpuscles  (p.  396). 

Tliat  we  arc  still  bo  far  removed  from  an  actual  compre* 
henston  of  nil  these  prooesses  will  be  matter  for  regret  most 
of  all  to  those  who  are  fnlly  sensible  of  their  extreme  (re- 
Unom^y  and  imporfJince,  Chief  ajnongst  them,  I  need  hardly 
say,  in  the  true  injlamnmionj  a-dema  ;  indeed  it  occupies  such 
A  predominant  position  in  this  clasR  of  dropj^ies  that  it  appears 
not  nnjuRtifiable  to  name  the  entire  caU'gory  after  it.  1  have 
in  fact  already  (p.  323)  called  attentiun  to  the  so-caJled  «»f- 
Utieral  (edema  as  being  nothing  more  or  less  than  an  inflam- 
Qialory  one,  aud  shown  (hat  the  same  applies  1*>  tfdi-nta-  ylot* 
tidia,  to  many  furms  of  htjdrocah,  of  hydnK'ni-hidtot,  &c.  But 
Che  notion  of  a  hydrops  inflaumalorius  admits  of  much  further 
L<Klensiou.  Tlie  trdKma  f]f  the  xkin  occurring  in  persfmn 
suffering  fnjm  trichinosis,  in  the  neighbourhood  of  the  infected 
mascles,  depends  neither  on  lymph-thrombosis,  as  Klob*  sup- 
posed, nor  on  the  destruction  of  the  cnpHUiriutiof  the  muscles, 
•  Elot. '  Oeston.  tnod.  Jkhrb.,'  iS(i6. 
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as  Colberg^  believed,  bnt  is  simply  o{  inflammatory  origin. 
Theao-cslled  faydrope  irritativus^prodaced  by  slight  irritations 
in  persons  with  a  very  sensitive  skin,  the  remarkable  cases 
of  acnte  anasarca  clearly  traceable  to  exposure  to  cold,  the 
so-called  oedema  ex  vacuo,  the  articnlar  dropsy  of  the  knee 
that  sets  in  on  again  moving  the  joint  after  the  limb  has 
long  remained  at  rest  in  an  extended  position,  are  all  cedemaa 
dae  to  aagmented  permeability  of  the  vessels,  and  are  conse- 
qnently  inflammatory  cedemas.  The  common  elements  in  all 
these  oedemas  have  long  been  known  to  yon,  and  I  have 
moreover  jnst  now  reiterated  them  to  a  snperflnoas  extent. 
They  are  the  relatively  high  albuminous  contents  of  the  oedema- 
tons  floid,  and  its  contents  in  blood-corpuscles,  more  especially 
colourless  ones  ;  with  respect  to  the  ^t  of  which,  it  is  tme, 
very  considerable  variations  are  fonnd  ;  so  much  so  th&t  in 
many  of  these  dropsies  extremely  few  white  cells  are  present, 
while  in  others  these  closely  approach  in  nnmber  the  leuco- 
cytes of  fibrinons  exudations.  The  dropsical  fluid  will  of 
coarse  be  clearer  or  more  turbid  in  proportion  as  the  quan- 
tity of  lympb-corpnscles  is  smaller  or  larger  ;  and  if  an  ex- 
tensive fatty  degeneration  and  disinteg^tion  of  the  cor- 
puscular elements  takes  place  in  addition,  the  flnid  may 
become  quite  opaqne  and  milky,  and  so  acquire  a  deceptive 
resemblance  to  true  chylous  ascites  or  hydrothorax,  «.  e,  to 
an  accumulation  of  fluid  due  to  the  effusion  of  chyle  into 
either  of  the  cavities  in  qne8tion.t  From  former  lectures 
you  are  quite  familiar  with  the  fact  that  the  tendency  to 
coagulation  inpreases  pari  passu  with  the  number  of  leoco- 
fcytes.  Accordingly  we  should  possess  in  the  constitution  of 
the  dropsical  fluid  an  excellent  criterion  for  the  differential 
diagnosis  between  inflammatory  oedema  and  the  oedema  of 
stagnation  were  it  not  that  the  so-called  cachectic  dropsies 
introduce  a  fresh  complication  into  the  whole  question. 

This  name  was  long  ago  conferred  on  those  dropsies  which 
depend,  not  on  a  change  in  the  filter-  or  filtration -pressure, 
bnt  on  an  alteration  in  the  third  factor  necessarily  influencing 
the  entire  process  of  filtration,  namely,  the  constitution  of  the 
filtered  fluid,  in  the  present  case,  the  circulating  blood.     Now, 

•  Colberg,  '  Deatsche  Klinib,'  1864.  "So.  19. 

t  Qnincks,  1.  0. ;  Stem,  'Tiroh.  A.,'  lxxxi,p.  384. 
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I  Ibtc  ntreatly  sought  in  another  place  (p.  453)  to  restrict 
the  notion  of  hydnpmic  oHfma  to  ita  proper  limits.  Wero 
the  capilUry  wall  in  reality  a  simple  animal  membrano, 
merely  obeying  the  laws  of  filtration  and  diffuRton,  one  woald 
of  conrse  be  fully  jnstified  in  anticipating  an  nugmentation 
of  the  transadation  on  the  albiiminonH  contontsof  the  blood- 
tienim  becoming  diminighcd.  On  this  point  all  writora  are 
agreed;  and  Itaneberg  coold  bat  confirm  the  fact  tbnt  nola- 
tiun9  (if  albutuea  filt«r  more  readily  through  animal  mem- 
branes the  lest)  concentrated  they  are.  But  this  is  altogether 
iiiapplicftble  to  the  normal  capillary  wall.  The  blood  may 
be  diluted  till  ita  dry  rt>8iduu  is  reduced  one  half,  indeed  a 
mncli  weaker  sotution  of  albumen  may  be  conveyed  through 
tbeveaHelsof  a  rabbit's  ear,  without  a  trace  of  oedema  or  the 
1ea«t  increase  in  the  lymph-stream.  A  change  takes  place, 
a«  you  will  remember,  only  when  the  permeability  of  the 
vcBsel  walls  becomes  abnormal,  is  increased.  To  what  cause 
this  pathological  increas(>  of  permeability  is  due  is  not  role- 
rant  to  tho  point  now  under  discussion ;  but  1  may  remind 
you  that,  e.  g.  in  the  anasarca  of  nephritic  persons,  tho  dropey 
is  ver}'  often  preceded  by  unmistakable  inflammator)'  affec> 
tinns  of  tho  skin.  It  is,  howoTcr,  especially  noteworthy  that 
the.  htfdra^mie  ijualiUj  of  the  hUtod  v*  ii^lf  suek  a  factor,  and 
ifiU,  if  pcrxUimi  any  length  of  time,  increase  the  pirmcnbility 
of  the  weaal  toaUs.  I  recently  made  joa  acquainted  with  the 
t'KpertmcntM  and  experiences  l>earing  out  this  conclnaion ; 
and  I  should  not  now  rocnr  to  the  nubject  did  1  not  wish  to 
Rtato  moat  emphatically  that  this  Uct  allows  of  our  still 
maintaining  the  cntegory  of  cachectic  n>dema.  Please  bear 
in  mind,  however,  that  the  hjfpalhuminon*  Ihoufjk  theremott^, 
«  noi  iha  ptartviatfi  catue,  of  this  form  of  dropsy  ;  that  the 
latter  is  directly  dependent  on  an  alteration  in  the  vessel 
wall;  and  is  therofon*,  if  you  accept  the  proposition  I 
formerly  made,  an  inflammatury  hydrops,  yet,  certainly, 
with  a  fluid  differing  abirolutely  from  that  of  all  other  inllam- 
matory  oedemas.  For  since  an  ubuoruially  weak  solntion  of 
albnmen  circulates  through  the  vessels,  a  large  quantity  of 
Huid  will  transude,  but  tbe  albuminous  contents  will  bo  rery 
small  ;  and  if  no  other  gmunda  for  an  extravasation  of  oor- 
posoles  exist,  the  oedema  will  alao  be  very  poor  in  mrpuicular 
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rlements.  The  Said  of  cachectic  o>dema  h»s  accordingly  i 
mach  closer  roeemblaQce  to  that  of  uc-cliauical  thnn  to  that 
of  iaflammatoty  hvdrops,  despite  the  fact  tUat  gi?oQtiuaIl/  it 
is  toach  more  closely  allied  to  the  latter  than  it  is  to  the 
dropsy  due  to  stegnatioa. 

I  bare  DOw,  I  believe,  addoced  all  the  factors  which  wfll 
enable  yoa^  if  yoa  attend  to  thom,  to  form  a  corroot  opinion 
uf  any  dropsy  yoa  may  chance  to  meet  with.  Tbo  oonsti- 
Intion  of  the  (rdomatoua  Huid  will  in  many  oases  lead  to  a 
certain  decision  ;  bat  the  essential  point  will  always  be  tbo 
consideration  of  the  caso  in  its  entirety  with  a  view  to  dis- 
cover the  caase  of  the  hydrops.  By  makiog  this  a  rule  you 
will  ron  no  risk  of  mistaking  the  nature  of  a  dropsy  orcn 
when  it  is  the  effect  of  more  thao  one  causa ;  for  if  throm- 
bosis occurs  in  a  hydricmic  snbject  or  inflammation  sets  in 
in  the  oHiemaloas  extremity  of  a  person  suffering  from  oardiao 
disease,  the  charaotors  of  tbo  oidomatous  tioid  most  oert&hilj 
greatly  depart  from  tlioso  of  the  typical  trauBadatton  of  stag. 
nation.  Sach  complications  may  greatly  enhanoo  tho  dUR- 
cnlty  of  judging  indtTidna)  casra,  they  may  obscnro  or 
obliterate  the  entiro  picture ;  tievertbolcss  the  c&tcgorios  o{ 
dropsy  previously  marked  out  are  not  thereby  alTectcd.  Kor, 
on  the  other  hand,  must  we  allow  ourselves  to  bo  led  by  «u<^ 
cases  into  beHoving  that  there  are  no  irdemas  but  those  de- 
pending on  the  causes  already  mentioned.  Tho  queitioti  of 
the  existence  or  non-oxistence  of  purely  nrrrmut  it  '  !,aA 

frcqucutly  been  raised  ;  whether  t. «.  cedemacau  ly 

caused  by  nervous  changes,  either  by  the  intonsihed  aotwa 
of  certain  nerves,  or  by  tho  weakening  or  abuyaoce  of  oertsin 
nervouB  intlueuoes.  Pathology  affords  os  somo  gronnda  for 
each  au  assumption.  The  rosy  pstohes  in  so-called  erytkt>mt> 
nodofntm,*  and  more  especially  tho  xrhrah  t>/ urt '  -ly 

be  approprialnly  cited  in  evidence  ;  for  their  duvi  ir 

often  incredibly  rapid  and  unattended  by  any  antccodent 
disturbance  oF  the  circuhtttou,  uud  they  not  uncommonly 
ensue  on  undoubted  nonroos  ioilDences,  c,  g.  emotional  dia- 
tarbance.  These  wheals  have  not,  so  far  as  I  know,  boon 
examined  microscopically,  but  the  dimcnsioQi  of  tho  swollintt 
and  iiA  doaifliy  conststcnco  Kcnrc4;ly  leave  it  dnubtfnl  t 
•  Cf.  Lcolo, '  Neus  Cbsrilc-Aunal^a,'  iij,  p.  6ai. 
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there  is  presoDi  bere  not  only  coaBiderable  arterial  cougeation 
bat  in  addition  an  aocumulation  of  fluid  in  tlio  tissues  out- 
side tho  vessclfi.  Wliilo  tlica  ia  this  case  a  nervous  oxcitn- 
tion  rOBulting  in  a  rapid  augmentation  of  transadation  sug- 
gests ttsolf  as  the  cause,  the  u-doaiag  occurring  in  jiaralysod 
limbs  iu  dtseaeo  of  the  contra)  nervous  system  are  bolicvod 
to  be  due  to  a  falling  off  in  the  vascular  iunorvation.  It  is 
true  tliat  the  oodcmas  obsen'cd  in  paratyHod  extremities  are 
tiBualljr  no  more  than  slight  Bwellings  around  the  ankles,  &c, ; 
luid  we  sliall  scarcely  err  iu  regarding  them  as  simply  the 
effoclK  of  that  moderate  voiioua  stagnation  which,  owing  ta 
the  absence  of  mnsouhir  moveuiouta,  la  insoparablo  from  every 
paralysis.  If  in  patients  of  this  class  yon  moot  with  anasarca 
of  the  leg  exceeding  tn  a  marked  degi-ec  such  alight  Btogna- 
tivo,  or,  more  nconrately,  hypostatic,  tcdoma,  yon  may  as  a 
rule  assume  that  thrombosis  of  the  principal  veins  has  oc- 
carrod.  Yet  these  considerations  do  not  meat  the  case  of 
those  considerable  oidemns  which,  according  to  the  state- 
menta  of  reliable  clinicians,*  develop  very  rapidly  in  tbo  ex- 
tremities in  isolated  cases  of  acul«  myelitis,  the  offiui  of 
venous  blood  being  unimpeded  by  thrombi.  Taking  those 
resalts  in  connection  with  the  oft-mentioned  experiment  of 
rtetroumoff — production  of  codema  of  lb©  tongue  by  irritating 
1 1)6  lingual  nerve — and  again  with  the  obaervation  of  Gergons 
that  frogs  whose  spinal  cord  has  been  destroyed  become 
oodematdus  under  conditions  where  auiuials  having  the  cord- 
intact  are  not  so  affected,  it  will  be  seen  that  the  assumption 
nf  a  direct  and  immediate  influence  exerted  by  the  nerves  ou 
the  process  of  traiiBudiitioii  has  much  to  support  it.  A  dropsy 
origioBting  iu  thiii  way  would  uudoubtedly  be  placed  by  us 
in  that  category  of  oedomas  which  depends  upon  alteratioQH 
in  the  constitution  of  the  vessel  walU  ;  for  I  cauuut  conceive 
ow  the  norveii  could  directly  augment  tbo  transadation  ex- 
ipt  it  wore  by  increasing  the  permeability  of  the  vosael 
walls.  NevcHboless,  wo  shall  do  well  to  wait  a  little  before 
oommitiing  ourselves  to  this  view,  however  gcnerul,  and  little 
calculated  to  give  rise  to  error,  it  may  be.  For  it  must  be 
borne  in  mind  that  wo  are  now  speaking  of  experiences  and 
*  Le;iIeD,  '  Klinik  dcr  Buckenutarluknnkboilcn,*  ii,  [>.  173. 
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observations  which  still  reqaire  thorongh  scientific  investi- 
gation, and  that  the  materials  for  a  possible  fntare  doctrine 
of  "  nervous  hydrops  "  are  at  present  extremely  fragmentary. 
We  occupy  a  mnch  more  favorable  position  to-day  with 
regard  to  another  form  of  oedema — one  that  till  recently 
appeared  to  hold  a  perfectly  isolated  position  amongst  all 
remaining  forms,  and  that,  in  point  of  frequency  and  more 
especially  significance  for  the  organism,  is  perhaps  the  most 
important  of  all — I  refer  to  pulmoTiary  oedema.  Not  as  though 
oedema  of  the  lung  in  every  case  eluded  explanation.  It  was 
apparent  to  everyone  that  an  oedema,  involving  the  upper 
half  of  the  inferior  lobe  of  a  lung,  the  lower  half  of  which  was 
hepatised,  or  one  developed  in  the  neighbourhood  of  a  pulmo- 
nary abscess,  was  in  optima  forma  inflammatory.  But  there 
are  in  addition  other,  if  I  may  say  so,  independent  varieties 
of  cedema  of  the  lung.  As  is  well  known,  pulmonary  oedema 
very  frequently  sets  in  during  the  agony,  not  merely  in 
nephritis  and  heart  affections,  but  in  all  possible  diseases, 
carcinoma,  spinal  lesions,  &g.  ;  and  on  referring  to  the  records 
of  autopsies  of  persons  who  have  succumbed  to  various  chronic 
complaints  you  will  find  "  pulmonary  oedema  "  set  down  as 
the  immediate  cause  of  death  in  an  extremely  large  propor- 
tion of  cases.  Still  more  interesting  are  the  aiia^fc*  o/jm/mo- 
nary  cedema,  mostly  violent  in  their  development,  to  which 
patients  suffering  from  some  general  disturbance  of  the  cir- 
culation are  peculiarly  liable.  The  seizure  is  either  sudden^ 
or  preceded  by  trifling  premonitory  symptoms  ;  the  patient 
having  previously  been  free  from  any  symptoms  of  a  severe 
or  threatening  character.  There  was  never  it  is  true,  any 
dearth  of  hypotheses  purporting  to  explain  this  dangerous 
variety  of  pulmonary  oedema.  It  was  more  particularly  attri- 
buted to  rise  of  pressure  in  the  pulmonary  capillariea ;  and 
since  the  fact,  so  repeatedly  noticed,  that  dogs  often  perish 
through  severe  cedema  of  the  lung,  as  the  result  of  the  injec- 
tion of  oil  or  finely  divided  particles  into  the  v.  jugularis, 
was  referred  by  Virchow*  to  the  action  of  excessive  pressure 
in  the  vessels  behind  the  obstruction,  the  behef  in  arterial 
congestion,  equally  with  venous  stagnation,  as  a  cause  of 
oedema  in  the  lungs  has  become  quite  genendly  prevalent. 
•  Virchow,  his  '  Axchiv,'  v,  p.  308. 
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Tn  the  ]ung«,  nevortholess,  it  idat  bo  mofifc  Btrikinglydfmon- 
Htntted  fliat  augmeulatioo  of  Hrt-erial  pressure  nectar  canacs 
cedotna  in  tiiem.  For  when  in  the  rabbit  or  dog  a  Ugatiiro 
u  applied  U*  the  left  main  division  of  the  a.  pulmonaliM  and 
aim.'  U>  the  arterial  brancUes  distributed  to  the  suiK'rior  Mte 
o(  the  riglit  \aug ;  or  nhen  aa  much  att  threu  fourths  the  tutnl 
SMtioDftl  area  of  the  arteries  id  occluded  by  emboli,  and  the 
aniuml  tiurvivet;,  codeuia  never  arises  in  the  palmouary  tiiwue 
Bnppliud  by  tho  roinainiug  urteries.  On  Uie  other  hand,  uvery 
BteuD»i8  of  the  left  aiiriculo-Teutricular  opening  most  ))lai)ily 
nhovre  that  tho  meru  impeding  of  the  venouo  efflux  from  tlie 
lungs  ia  far  from  being  sntHcient  ia  itself  to  giru  nse  to 
transudutiim  and  oidenia.  Nor  could  it  make  any  vHsential 
dtfferetu'f-  wert!  tht-  eng<»rgement,  which  is  supposed  to  phrup, 
vullvd  forth  by  a  weak  heart.  If  general  feehlnne**  of  tht 
hmrl  wpre  rually  the  cause  of  pnlinonnry  <EUema,  as  liiut  oft-pn 
Iwmi  a.fsunied,  more  t'specially  by  olinieians,  it  should  att-cud 
every  pn)Foinid  Hyiipope;  indued  the  very  lai^  majority  of 
kaman  lauugK  Hhovild  die  from  pnbnonary  (L-dcnia :  but  this 
is  far  i\tim  \iemg  the  ease.  For  this  reason — bwunsc  in  con- 
ditions appearing  tn  be  absolutely  idonticnl  the  afFuctir)ii  ik  by 
no  mmana  constant  in  its  oocurrenco — tho  entire  qnestion  of 
hydrops  ptilmonum  is  made  more  coniplicatod.  In  wimp 
iudiviilnata  dying  of  a  chronic  affection,  loud  r&len  deve- 
lop during  the  agony  over  a  large  portion  of  both  Inngs,  a 
reddiBb  Froth  may  riHe  into  the  month  and  nose,  and  a  con- 
fiidemble  quantity  of  fluid  be  expressed  from  the  lungnat  the 
autopsy ;  in  other  e:tample8  of  the  same  disease,  on  the  con- 
trary, though  tho  agony  have  lasted  eqnnlly  long,  the  lungs 
remain  quite  dry.  The  results  are  simihvr  after  px[>cvimental 
inlcrforenco  of  tbe  most  varied  kinds,  r-.  y,  after  artificial  oil-, 
or  analogonn,  enilwlism  ;  and  thia  whether  the  pulmonary 
CApillaries  are  occluded  slowly  and  gradually  or  in  rapid  »iuc- 
«egidon :  by  far  the  greater  number  of  antmaln  die  fnmi 
eimple  aapliyxia.  Further,  Pokrowsky*  oljserved  pulmonary 
ohlenui  in  ftonie  of  Im  rabbits*  and  gninea-pigx  isUtor  making 
them  breathe  carlx^nie  oxide,  while  uHlema  of  tlie  lung  is  far 
frt.>m  lieing  the  usual  cause  of  death  in  persons  poisoned  by 
inlialiug  the  fumes  of  charcoal.  Call  to  mind,  lastly,  how 
•  Pokrowakjr,  •  Virch.  A.,'  xxx,  p.  534. 
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injection  of  salt  solution  produced  a  fatal  pulmonaiy  oedema 
in  individual  animals,  though  in  the  remainder  the  lungs 
remained  absolutely  dry.  Does  not  this  striking  inconstancy 
seem  to  make  against  the  view  that  the  oedema  of  the  long 
is  due  to  purely  mechanical  factors  in  these  cases  ?  And  yet 
anyone  who  has  even  once  witnessed  one  of  those  violent 
attacks  of  pulmonary  oedema,  common  in  cardiac  disease, 
and  seen  that  it  is  neither  preceded  nor  followed  (should  the 
paroxysm  be  happily  survived)  by  the  least  indication  of  any 
abnormal  condition  of  the  pulmonary  vessels,  will  certainly 
reject  the  idea  that  he  is  dealing  with  a  hydrops  inflamma- 
torius,  i.  e.  one  depending  on  an  alteration  in  the  vessel  walls. 
But,  while  the  albuminous  contents  of  the  fluid  of  the 
oedema  admit  no  doubt  that  the  latter  originates  in  an 
abnormally  abundant  transudation  from  the  blood-vessels, 
and  the  constant  presence  of  red  blood-corpuscles  in  large 
numbers  renders  it  from  the  outset  most  probable,  despite 
all  that  has  been  said,  that  the  oedema  is  stagnative,  this 
supposition  has  been  recently  raised  to  a  certainty  as  the 
result  of  an  investigation  carried  out  by  Welch*  in  my  labo- 
ratory at  Breslau.  Setting  out  from  the  fact,  long  known  to 
us,  that  occlusion  of  the  aorta  ascendens  in  rabbits  brings  on 
very  rapidly  a  violent  pulmonary  oedema,  we  endeavoured 
first  of  all  to  determine  whether  stagnation  in  the  pulmonary 
circulation  is  capable  of  causing  an  oedema,  and  if  so  under 
what  conditions.  The  investigation  showed  that  stagnative 
oedema  sets  in  only  when  the  obstacles  opposed  to  the  efflux  of 
blood  from  the  pulTnonary  veins  are  such  as  cannot  be  overcome 
by  the  right  ventricle.  True,  fortius  much  is  requisite  ;  you 
know  that  the  right  ventricle  can  easily  overcome  the  resist- 
ance caused  by  reducing  the  total  sectional  area  of  the  pul- 
monary arteries  to  one  fourth  the  normal.  Hence  the  closure 
of  the  great  majority  of  all  the  pulmonary  veins  is  also 
indispensable  to  the  establishment  of  afatal  pulmonary  oedema. 
The  required  insuperable  obstacle  may,  however,  be  secured 
with  still  greater  certainty  and,  at  any  rate,  more  simply  by 
making  it  impossible  for  the  left  ventricle  to  receive  blood, 
or  to  discharge  the  blood,  after  it  has  entered,  into  the  aorta. 

*  Welch, '  Virch.  A.,'  IxxLi,  p.  375  ;  Cohnbeiui,  *  Stzgsb.  d.  schles.  Ges.  f. 
vaterl.  Calt.,'  Ued.  Section,  7  Dec.,  1878. 


525 


^or  if  either  the  left  aoricle  or  the  vontride  Jtself  be  oom- 
[pressed  by  «,  clamp  ppovidftd  with  strouK  sfiriogH,  or  the  aorta 
Ift&cendenfl  be  ligatured,  blood  will  very  soon  coaso  to  flow 
from  the  palmonfiry  vcina  ;  and  if  the  right  ventricle  now 
continues  to  act  an  onormoua  atagnativc  otdema  innat  develop 
Tory  rapidly,  primdod  the  contractions  of  the  right  ventricle 
roftlly  send  an  increiuiingainoantof  blood  into  the  pulmonary 
TCiiseU.  For  yon  will  doubtlc&s  meet  me  with  the  question, 
whence  can  the  right  ventricle  obtain  the  blood  when  the  left 
hafl  ceased  to  work  effectively  ?  In  ligatoro  of  the  a.  as- 
cendetiiiit  might  be  supposed  that  the  blood,  thongh  small  in 
quantity,  conveyed  by  the  coronary  veins  into  the  right  auricle 
wsfl  the  source  of  supply  ;  yet  whec  the  left  anricle  or  ven- 
tricle is  compressed  the  coronary  arteries  receive  uo  blood 
and  still  the  pulmonary  oedema  ensaes  with  absolute  certainly. 
The  forces  here  available  for  the  propulsion  of  the  blood 
through  the  systemic  veins  into  the  right  heart  can  be  only, 
08  S.  Mayer*  has  rightly  emphasized,  accessory  ones.  Those 
operative  as  such  are  the  9uctton  pcwtr  of  the  right  ventricle^ 
together  with  that  of  the  entire  thorax,  both  of  which  are 
considerably  augmented  by  the  dyitpnaie  rofpiralory  Tiw^ra- 
mmis  that  follow  close  o^on  the  impeding  of  the  blood-Htream 
through  the  Inngs.  It  is  also  obvions  that  these  more 
vigorous  respiratory  movements  must,  by  increasing  the  prea- 
sure  on  the  contents  of  the  abdominal  cavity,  tend  to  propel 
the  blood  contained  in  the  abdominal  vessels  towards  the 
right  heart.  Moreover,  an  important  part  in  feeding  thu 
right  heart  is  taken  by  the  ionic  eoniraotion  of  tJie  artertM, 
with  i-egard  to  which  it  is,  you  are  aware,  established  that 
by  its  means  the  blood  is  forced  iuto  tbe  veins,  and  through 
those  into  the  heart.  This  particular  assumes  the  greater 
importance  here  inasmuch  as  the  cessation  of  the  aortic 
stream  soon  brings  on  cerebral  anaemia,  which  is,  as  yoa 
know,  the  must  effective  means  of  augmenting  the  arterial 
tonus.  To  the  foregoing  must  still  be  added  an  excellent 
aid  to  the  systemio  venous  stream,  namely,  the  convuhi'ong 
which  so  readily  supervene  oo  cerebral  aneemia  of  acute  origin. 
So  weighty  a  part  do  the^e  convulsions  play  in  the  entire 
is*,  at  least  in  the  rabbit,  that  S.  Mayer  found  the  puU 
•  8.  Maytr.  •  Wico.  tiad.  Stxb.,*  3  Abth.,  187S.  HM.H«ft 
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mouBiy  oedema  absent  in  cnrariaed  animals  under  conditions 
where  in  the  non-paralysed  it  invariably  set  in. 

In  now  applying  these  experimental  results  to  human 
pathology  it  is  of  course  self-evident  that  the  occurreuce 
during  life  of  anything  analogous  to  the  above-mentioned 
operative  procedures  is  altogether  out  of  the  question ;  I 
cannot  imagine  in  what  circnmstances  an  occlusion  of  the 
majority  of  the  pulmonary  veins^  a  compression  of  the  left 
auricle  or  ventricle,  or  a  closure  of  the  ascending  aorta  could 
occur.  Whether  a  continued  tetanic  contraction  of  the  left 
ventricle  (which  obviously  would  be  attended  by  the  same 
effects)  has  ever  been  observed  is  more  than  doubtful.  Still 
there  exist  two  conditions,  thoroughly  adapted  to  produce  the 
required  insurmountable  resistance  to  the  escape  of  blood  from 
the  pulmonary  veins ;  in  the  first  place  a  rise  of  arterial  blood- 
pressure  so  enormous  that  the  ventricle,  exerting  itself  to  the 
utmost,  is  helpless  against  it;  and,  in  the  second  place,  a 
direct  feebleness,  paralysis,  of  the  left  heart-muscle.  Both  evi- 
dently amount  to  the  same  thing  at  bottom,  namely,  exhaus- 
tion of  the  left  ventricle,  though  in  the  latter  case  the  ex- 
haustion is  primary  and  to  a  certain  extent  absolute,  while  in 
the  former  it  is,  on  the  contrary,  secondary  and  relative. 
For  if  we  speak  of  the  functional  power  of  the  heart  as  suffi- 
cient or  insufficient,  we  do  so  having  regfard  to  its  relation  to 
the  resistances  to  be  overcome,  and  a  moment's  reflection  will 
show  what  an  intimate  interdependence  there  is  between 
these  two  factors.  A  rise  of  arteriid  pressure  so  great  as  to 
be  insuperable  by  the  left  ventricle  must  of  necessity  quickly 
bring  about  its  complete  exhaustion,  if  for  no  other  reason, 
because  the  coronary  arteries  no  longer  receive  their  regular 
supply  of  blood.  But  this  is  not  aJl ;  for  I  pointed  out  a 
moment  ago  that  feebleness  of  the  left  heart  of  acute  origin 
will,  by  causing  cerebral  anasmia,  of  itself  give  rise  to  tetanic 
contraction  of  the  small  arteries  with  elevation  of  arterial 
pressure.  From  this  close  connection  it  will  also  be  clear 
how  it  is  that  the  left  ventricle  may,  as  the  result  of  general 
weak  heart,  become  much  more  rapidly  paralysed  than  does 
the  right ;  it  needs  but  a  slight  increase  of  the  resistances  to 
completely  exhaust  the  enfeebled  ventricle,  and  this  the  cere- 
bral anasmia  accomplishes,  in  so  far  at  least  as  the  vaso-con- 
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sirictorv  arc  Ktill  capable  of  oxcitotion.     I  Deed  hardly  point 
out  that  tbo  dangoi-of  rapid  paralysis  uf  the  left  heart^musclo 
is  greotost  ia  nil  casetn  wliuru,  as  tho  rasalt  of  soma  patholo- 
{fical  I'oiiditiuu  or  other,  thu  demands  on  the  left  ventricle 
hokVQ  for  a  long*  lime  been  abnormally  severe,  and  thoroforo 
I      vurjf  specially,  in  cardiac  lemvnv. 
^K   From  this  standpoint,  as  it  seems  to  me,  we  may  find  a 
^Heady  explanation  not  only  for  the  unexpected  deaths  from 
P^ulmonary  icdcma  which  oocur  in  so  many  experiments,  but 
aUo  for  the  attacks  of  general  pulmonary  oidema  met  with 
more  porticalarly  in  cardiac  cases.      The  icdema  is  bore  vtag- 
ttative,  and  occasiouud  by  feebleness  of  the  heart ;  not,  how- 
ever, by  tcftiknei's  of  Lhe  entire  organ,  bat  only  und  solely  of 
Ibr  trft  vaitriclv,  lofiile  the  r\gkt  cimtinues  -in  actimi.      Whothor 

Ntfac  latter  act  with  normal,  increased,  or  diminished  power  is 
k  principle  immaterial,  and  any  change  can  at  most  occelc- 
tato  or  retard  the  development  of  the  sta^ation  and  stag- 
1     native  cL'deuia;  the  ouly  essential  is  that  it  should  continue  to 
^Hct.      In  leaser  degrees  of  the  process,  in  stagnation  which 
^Hu>y  be  said  to  have  onlyjnst  begnn,  the  entire  phenomenon 
^^iops  short  at  the  expectoration  of  a  palo  rod  material  con- 
taining minuto  ftir-bnbblos,  preceded  by  alight  rftlcs  over  the 
breast,*  and  ia  qnickly  at  an  end.      Bat  evon  severe  attacks, 
in  which  nothing  is  wanting  to  complete  the  pictnro  of  highly 
I      dangerODS   pulmonary  cedcma,  may  terminate  favorably  if 
L^ie  heart  rccorer  itself,  cither  spontaneously  or  on  stlmnla- 
^^OD.    During  the  paroxysm,  the  radial  pulso  becomes,  despite 
the  threatening  asphyxia,  small  and  even  imperceptibb  to 
the  finger, — sn  occurrence  which  on  our  view  is  compro* 
hcnsible  enough.      Should,  however,  the  attack  have  a  fatal 
termination,  the  right  heart  is  found  after  death  over-fillod 
with  blood  and  greatly  distended,  the  very  nataral  couso- 
neuce  of  the  fatal  pulmonary  stagnation. 
To  the  opinion  that  ooclasion  of  the  a,  coronaria  am.  iu 
is  followed  by  acute  paralysis  involving  the  loft  heart- 
uHcle  ulono,  and  hence  by  etagnativc  oedema  of  the  lungs, 
BID  not  disposed  to  subsoribo  withoot  further  investigation, 
hough  SuDiuelsont  draws  this  inforonco  from  experiments 

•  Cf.Tnwho,  •Gfs.  AbbdI./iii,  p.  287. 

t  8sinui9liuii,'U«il.Ctbl.,'  i88o,No.U;  *ZeitM:Ur.f.kltii.  JKed.,' ii,p.  13. 
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-OD  the  compreBBion  of  the  coronary  arteries  in  rabbits.  For, 
to  say  nothing  of  how  very  questionable  it  is  whether  spasm 
of  the  coronary  arteries  ever  occnrs  with  safficient  energy  to 
•cause  complete  occluaion  of  the  Inmen  for  a  period  of  some 
minutes — and  it  is  hardly  possible  that  any  other  kind  of 
occlusion  could  ever  properly  come  into  consideration  here — 
we  are  warned  to  observe  the  most  extreme  caution  in  coming 
to  a  conclusion  by  the  experiments  on  the  results  of  ligature 
of  the  coronary  arteries  in  dogs,  with  which  I  formerly  made 
yoa  acquainted.  It  is  quite  true  that,  in  individual  cases  of 
occlusion  of  the  a.  coron.  sin.  in  the  rabbit,  the  left  ventricle 
suffers  paralysis  earlier  than  does  the  right ;  in  the  dog,  on 
the  contrary,  ligature  of  one  of  the  larger  branches  even  of 
the  coronary  arteries  is  invariably  followed  after  a  very  brief 
interval  &i/  complete  atandstill  of  both  chamberB,  so  that  not 
even  a  trace  of  pnlmonary  oedema  is  ever  developed.  How 
does  Samnelsoa  know  whether  the  human  heart  more  closely 
resembles  in  this  respect  that  of  the  rabbit  or  that  of  the  dog  ? 
If  he  be  right,  the  view  developed  by  us  will  all  the  more 
completely  explain  the  &o-caiiedJijtal  pulinonary  (edema.  For 
this  also  is  nothing  but  a  stagnative  oedema  caused  by  the 
■earlier  paralysis  of  the  left  ventricle.  That  the  right  heart 
of  a  moribund  person  ceases  beating  later  than  does  the  left 
-was  known  as  early  as  the  time  of  Haller,  and  this,  in  all 
probability,  depends  on  the  fact  that  the  left  ventricle,  with 
its  more  powerful  muscle,  reacts  mnch  sooner  than  the  right 
to  a  deficient  supply  of  oxygen,  and  consequently  to  imper- 
fectly aerated  blood.*  If  this  be  the  case,  the  final  pulmo- 
nary oedema  is  not  so  much  the  cause  of  death  as  the  efTect 
of  the  agony  :  a  man  does  not  die  because  ke  gets  adema  of 
the  lung,  hut  he  get«  cedema  of  the  lung  because  he  is  on  the 
point  of  dying,  f 

*  8.  Mayer, '  Prag.  med.  Woch.,'  1880,  No.  14- 

t  On  the  anbject  of  dropsy,  &c.  cooBalt  alao  Virehow,  '  Hdb.,'  i,  p.  182 ; 
O.  Weber,  in  Pitha-Billroth's  '  Hdb.,'  ii,  Abth.  2,  p.  63 ;  Lebert,  in  Virchow'a 
'  Hdb.,'  V,  Abth.  3,  p.  114 ;  Ludwig, '  Oerterr.  med.  Jhrb.,'^863,  lii,  p.  35. 


